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Abstract 
 
The effect of increasing dietary level of distillers dried grains with solubles (DDGS) and 
pig removal strategy at harvest on growth performance, carcass characteristics, and fat quality of 
growing-finishing pigs was evaluated in a study carried out on a commercial wean-to-finish 
facility that used a total of 1,632 pigs housed in groups of 34.  A randomized complete block 
design was used with 6 treatments/pig removal programs: 1) 0% DDGS; all pigs in pen taken off 
test and sent for harvest at one time (1 group); 2) 0% DDGS; all pigs in the pen taken off test and 
sent for harvest in 6 groups over time (6 groups); 3) 20% DDGS; 1 group; 4) 40% DDGS; 1 
group; 5) 40% DDGS; 6 groups, and 6) 60% DDGS; 1 group.  Diets were fed from 23.4 ± 1.15 
kg to 128.9 ± 1.91 kg for pens sent for harvest as 1 group.  For pens sent for harvest in 6 groups, 
the heaviest pigs were taken off test at a pen mean body weight of 112.1 ± 2.04 kg; subsequently, 
the heaviest pigs were taken off test every 7 days according to the following schedule:  Week 1: 
Heaviest 10% of the pen, Week 2: Heaviest 20%, Week 3: Heaviest 20%, Week 4: Heaviest 
20%, Week 5: Heaviest 10%, and Week 6: Lightest 20% of pen.  At harvest, 1 barrow and 1 
gilt/pen close to the pen mean were selected for detailed meat and fat quality evaluation 
(Subsample 1).  An additional 1 barrow and 1 gilt/pen that were close to pen mean were selected 
for an additional gas chromatography fatty acid analysis (Subsample 2).  Increasing DDGS 
inclusion level linearly reduced (P ≤ 0.001) average daily gain, feed intake, hot carcass weight, 
carcass yield, and last rib backfat thickness (measured on the carcass), but had no effect on feed 
efficiency and 10
th
 rib backfat thickness (measured on the live animal using ultrasound).  Iodine 
value increased (P ≤ 0.001) with increasing DDGS level for belly fat, jowl fat, and backfat (from 
3
rd
 thoracic vertebrae and clear plate).  Average daily gain, feed efficiency, and 10
th
 rib backfat 
thickness were lower (P ≤ 0.01) for pens of pigs taken off test and sent for harvest in 1 compared 
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to 6 groups, however, feed intake was not affected (P ˃ 0.05) by pig removal strategy.  Hot 
carcass weight and carcass yield were lower (P ≤ 0.001) for pens sent for harvest in 6 compared 
to 1 group.  There was generally no effect (P ˃ 0.05) of pig removal strategy or sex on fat iodine 
value.  These results suggest that increasing dietary levels of DDGS increases fat iodine value 
and decreases growth and carcass measures, however, sending pigs for harvest in 1 compared to 
6 groups has generally no effect on fat quality. 
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CHAPTER 1: Literature Review 
Introduction 
 Because of high corn prices, corn distillers dried grains with solubles (DDGS), a corn by-
product produced by dry-grind ethanol plants, is being used to partially substitute for corn and 
soybean meal in swine diets.  However, high inclusions of DDGS can negatively affect growth 
performance and carcass characteristics including causing soft carcass fat, which can be 
detrimental to hog producers and packers.  Further, research needs to be conducted to find the 
optimum approach to include DDGS while maximizing performance and carcass and fat quality 
characteristics. 
 The following literature review summarizes previous research looking at the effects of 
DDGS on growth performance and carcass and fat quality characteristics of growing-finishing 
pigs. 
GROWTH PERFORMANCE 
Effect of DDGS on the Growth Performance of Growing-Finishing Pigs 
A summary of 21 experiments evaluating the effects of DDGS inclusion in diets on 
growth performance during the growing-finishing period are presented in Table 1.  When 
compared to corn-soybean meal based diets, 13 of these 21 studies showed similar or greater 
average daily gain for diets including DDGS, but in contrast, 5 showed a decrease in average 
daily gain for diets including DDGS compared to corn-based diets.  In addition, 18 studies 
showed similar or greater feed intake for diets including DDGS compared to corn-based diets, 
whereas 3 showed a decrease in feed intake for diets including DDGS compared to corn-based 
diets.  Finally, of the 21 studies evaluated, 14 showed similar or greater feed efficiency for diets 
including DDGS compared to corn-based diets, however, there were only 2 studies that showed a 
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decrease in feed efficiency.  Some of these studies, especially studies that showed no difference 
in growth performance for all 3 measures (average daily gain, feed intake, and feed efficiency), 
need to be evaluated in more detail to fully understand the effects of DDGS inclusion level on 
growth performance of growing-finishing pigs, and this is presented below. 
Stein and Shurson (2009) conducted a meta-analysis of studies looking at the effect of 
DDGS inclusion level on growth performance and concluded that pigs could consume diets 
containing up to 30% DDGS without sacrificing growth performance.  Most studies summarized 
in Table 1 showed no difference in growth performance for all 3 measures (average daily gain, 
feed intake, and feed efficiency) when up to 15% (Linneen et al., 2008), 20% (Linneen et al., 
2008; Widmer et al., 2008; Dahlen et al., 2011), 25% (Zhu et al., 2012), 30% DDGS (Linneen et 
al., 2008; Salyer et al., 2012; Ying et al., 2013), and 60% DDGS (Weber et al., 2013) was added 
to diets when compared to corn-based diets for growing-finishing pigs.  In addition, 1 study 
conducted by Dahlen et al. (2011) looked primarily at final body weight and feed intake when up 
to 40% DDGS was included in diets, and reported no difference for either variable for the entire 
study period. 
Similarly, Xu et al. (2010a) conducted a study looking at diets containing up to 30% 
DDGS, and even though feed intake decreased for the diets containing 20% and 30% DDGS 
when compared to the corn and soybean meal based diet, there was no difference between the 
diets in average daily gain and, in addition, there was an improvement in feed efficiency.  
Finally, Ying et al. (2013) conducted a study evaluating DDGS inclusion level and L-carnitine 
supplementation.  L-carnitine was added at 3 levels (0, 50, and 100 mg/kg) to diets containing 
either 30% or 0% DDGS.  Diets were fed for 97 days.  L-carnitine was used in an attempt to 
improve fat quality in pork carcasses by enhancing the utilization of fat for energy, and also to 
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decrease lipid deposition and increase protein accretion.  These authors found no difference in 
overall growth performance from feeding diets containing 30% DDGS.  However, there was a 
DDGS by L-carnitine treatment interaction for feed efficiency; feed efficiency was improved 
when L-carnitine was added to diets with 0% DDGS added, but when 30% DDGS was added to 
the diets along with L-carnitine, feed efficiency actually decreased (Ying et al., 2013).  The 
results of this study still suggest that diets containing up to 30% DDGS can be fed to growing-
finishing pigs without sacrificing growth performance, which is similar to results reported by 
Stein and Shurson (2009). 
In contrast to the studies that showed an increase in growth performance for pig fed diets 
containing DDGS compared to corn-based diets, there are some studies summarized in Table 1 
that reported some decrease in growth performance.  The differences between studies in the 
relative performance of pigs fed diets containing DDGS could be due to a number of factors.  
One of these factors is having an inaccurate estimation of nutrient content and/or availability 
(Whitney et al., 2006).  For example, overestimating the energy or amino acid content or the 
availability of amino acids of DDGS could lead to the formulation of diets that result in reduced 
performance.  This is illustrated in the study of Hilbrands et al. (2013), where samples of DDGS 
with either high or low amino acid digestibility were compared. The pigs fed a diet including 
40% DDGS with high amino acid digestibility showed similar growth performance to pigs fed a 
control diet without DDGS.  However, pigs fed the diet including 40% DDGS with low amino 
acid digestibility showed a reduction in average daily gain and feed intake.   
In addition, in diets containing DDGS, an excess of nonessential amino acids can be a 
problem.  This excess can result in more energy being needed to excrete the nonessential amino 
acids, which means less energy is going towards growth (Whitney et al., 2006; Widmer et al., 
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2008).  In addition, when a decrease in growth performance was reported, the poorer 
performance could be due to lower quality DDGS, with either lower nutrient digestibility and/or 
lower palatability (Stein and Shurson, 2009; Xu et al., 2010a).   
The number of pigs used in a study can also influence whether statistically significant 
differences are found between treatments.  For example, Widmer et al. (2008) found no 
difference in growth performance for average daily gain, feed intake, and feed efficiency, but 
only had 84 pigs on test, while Ying et al. (2013) also reported no difference in growth 
performance for average daily gain, feed intake, and feed efficiency, but had 1,104 pigs on test.  
Both studies reported the same results, but by having more pigs and more replications on test, it 
is easier to detect statistically significant differences between treatments.  It is difficult to 
determine the actual cause of differences between studies in responses to feeding DDGS, but 
those mentioned above have been considered very crucial for the studies evaluated in Table 1, 
and it is important that reasons like these be taken into account in future research studies. 
In summary, there needs to be more research performed on the effect of DDGS on growth 
performance of growing-finishing pigs, especially at high inclusion levels.  Only 2 studies, 
summarized in Table 1, looked at DDGS levels of 60%.  Also, there is little research looking at 
increasing DDGS levels in diets fed to pigs in a commercial facility.  As previously mentioned, 
there are many studies evaluating inclusion levels up to 30% DDGS, but little is actually known 
about diets with higher levels of DDGS and its effects on growth performance of pigs, especially 
on larger scale, commercial facilities. 
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CARCASS CHARACTERISTICS 
Effect of DDGS on Carcass Characteristics of Growing-Finishing Pigs 
 A summary of 16 experiments investigating the effects of including DDGS in diets of 
growing-finishing pigs on carcass characteristics are presented in Tables 2 and 3.  When 
compared to corn-soybean meal based diets, 11 of these 16 studies showed no effect of feeding 
diets containing DDGS on hot carcass weight, but in contrast, 5 of the 16 studies showed a 
decrease in hot carcass weight for pigs fed DDGS (Table 2).  In addition, 11 studies showed no 
effect of feeding diets containing DDGS on carcass yield, whereas, 5 studies showed a reduction 
in carcass yield for pigs fed DDGS (Table 2).  Also, 13 of these 16 studies reported no effect of 
feeding diets containing DDGS on backfat thickness, but in contrast, 4 studies showed a decrease 
in backfat thickness for pigs fed DDGS (Table 3).  These results are similar to the meta-analysis 
conducted by Stein and Shurson (2009), which reported no effect of feeding diets containing 
DDGS on backfat thickness for 14 studies, while only one study showed a reduction in backfat 
thickness.  Finally, of the 16 studies evaluated, 7 showed no effect of feeding diets containing 
DDGS on Longissimus muscle depth, however, there was 1 study that showed a decrease in 
Longissimus muscle depth for pigs fed DDGS (Table 3).  As with the growth performance 
results, some of the effects of feeding diets containing DDGS on carcass characteristics need to 
be evaluated in more detail. 
Perhaps the most important component of carcass characteristics is carcass yield.  Stein 
and Shurson (2009) mentioned that increasing the fiber content in diets fed to pigs, such as when 
DDGS is added, could lead to an increase in gut fill and intestinal mass, which would then lead 
to a decrease in carcass yield (dressing percentage).  Similar results are shown in many studies 
summarized in Table 2, however, there are still many other studies that reported no effect on 
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carcass yield for pigs fed diets containing DDGS compared to pigs fed diets based on corn and 
soybean meal.  In addition, the neutral detergent fiber content of DDGS is about 3 times greater 
than in corn, which means the neutral detergent fiber content will continue to increase as DDGS 
increases in the diet (Stein and Shurson, 2009; Xu et al., 2010a).  High fiber diets, such as diets 
containing DDGS, can decrease feed intake, which can then lead to a decrease in total daily 
energy intake (Xu et al., 2010a).  This means that less energy is available for fat synthesis, which 
can lead to a decrease in backfat thickness (Xu et al., 2010a).  However, it is unclear why some 
studies reported no difference in backfat thickness when DDGS inclusion levels increased in the 
diet.   
The differences in the effects of feeding diets containing DDGS on carcass characteristics 
between studies summarized in Tables 2 and 3 could be due to many different factors.  One of 
these factors, in addition to those mentioned in the previous paragraph, is the quality of DDGS 
used (Widmer et al., 2008).  Quality of DDGS refers to the taste and/or palatability (burnt or not 
burnt) and color (light or dark color).  The darker the color of the DDGS usually means the 
DDGS production process at the mill was extended and/or used too high of a temperature which 
burnt the DDGS; such DDGS would be considered as lower quality.  Feeding pigs lower quality 
DDGS, can lead to lower nutrient digestibility and lower palatability of the diets (Stein and 
Shurson, 2009; Xu et al., 2010a).  This can then lead to a decrease in feed intake and cause pigs 
to have a lighter final body weight and hot carcass weight, and a decreased carcass yield.  There 
are many reasons why studies summarized in Tables 2 and 3 reported different results, but it is 
crucial that more studies are conducted in the future evaluating DDGS and its effects on carcass 
characteristics in order to resolve some of the controversies over these variable results. 
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FAT QUALITY AND IODINE VALUE 
Effect of DDGS on Fat Quality and Iodine Value of Growing-Finishing Pigs 
Fat quality refers to physical characteristics of pork fat including color, but perhaps most 
important is the softness of the fat (Benz et al., 2010).  Fat softness is closely related to the fatty 
acid profile of the tissue, particularly the concentration of unsaturated fatty acids.  The higher the 
concentration of unsaturated fatty acids, particularly the poly-unsaturated fatty acids, the softer 
the fat.  A widely used index of the degree of unsaturation of fat tissue is the iodine value.  When 
iodine is added to fat tissue, it binds to each of the double bonds on the unsaturated fatty acid and 
the iodine value is measured by determining the amount of iodine (gram) absorbed by 100g of fat 
(Averette Gatlin et al., 2003).  The higher the iodine value, the softer the fat in the carcass.  Stein 
and Shurson (2009) stated that “fat iodine values are important measures of carcass quality 
because high iodine values result in soft and less valuable bellies and loins”.   
Iodine values can be measured chemically (Eugene Gooch, 2000), however, because of 
difficulties with the procedures, it is normally calculated using an equation that includes a 
number of unsaturated fatty acids (Benz et al., 2010).  For example, a commonly used equation 
(and the one that will be used in this study) is that of AOCS (1998) which is as follows: 
Iodine value = 16:1(0.95) + 18:1(0.86) + 18:2(1.732) + 18:3(2.616) + 20:1(0.785) + 
22:1(0.723). 
This section of the literature review will focus on the impact of feeding diets containing 
DDGS on iodine value of pork fat. 
A summary of 15 experiments evaluating the effects of feeding diets containing DDGS 
on iodine value of pork fat are presented in Table 4.  Iodine value can be measured at any 
location where fat samples can be taken from the carcass, but the major locations that have been 
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samples in most research are the belly, backfat, and jowl.  Eleven of the studies reported an 
increase in iodine value in either belly fat, backfat, or jowl fat when DDGS level in the diet 
increased.  In contrast, there were 4 studies that reported no effect of feeding DDGS on iodine 
value in either belly fat, backfat, or jowl fat. 
Benz et al. (2010) reported that belly fat, backfat, and jowl fat iodine value increased by 
2.3, 1.6, and 2.2 g/100g, respectively, for every 10% increase in DDGS level in the diet.  Benz et 
al. (2010) also mentioned that acceptable values for pork processors for iodine value of pork fat 
are variable depending on the processor, which can make it very difficult for pork producers.  
Thus, it is important that future research evaluates the effects of increasing inclusion levels of 
DDGS at all 3 fat locations (belly, backfat, and jowl) in order to help pork processors determine 
the acceptable level of iodine value in pork fat. 
 An important question is how to maximize the inclusion of DDGS in the diet and still 
prevent soft fat problems.  One way this can be accomplished is to have a withdrawal period 
where the pigs fed diets containing DDGS are changed to a diet without DDGS containing corn 
and soybean meal for a certain period at the end of finishing.  It has been reported that 
approximately 100% of the changes in carcass fat composition and quality can be realized about 
6 to 8 weeks after a change in dietary fat (Xu et al., 2010b).  This approach could not only help 
prevent soft fat problems, but this method of feeding DDGS a portion of the time and corn and 
soybean meal diets a portion of the time could also help decrease feed costs for the producer as 
opposed to feeding corn and soybean meal based diets throughout.  Another method to help 
decrease or prevent soft fat and increases in iodine value is to switch back and forth from DDGS 
based diets to corn and soybean meal based diet and back again to DDGS based diets (Hilbrands 
et al., 2013).  The study conducted by Hilbrands et al. (2013) reported a decrease in iodine value 
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when pigs fed diets containing 40% DDGS was switched to a corn and soybean meal based diet 
(control diet) compared to pigs fed diets containing 40% DDGS constantly throughout the study 
period.  This is also a way for the producer to save money on feed costs and possibly prevent soft 
carcasses for the packer. 
 In summary, fat quality is very important, especially softness of the fat and because of 
that, there needs to be more research evaluating the effects of increasing DDGS inclusion level 
on pork fat quality and iodine values.  It is crucial to find ways to decrease iodine value and 
minimize the possibility of soft fat in the carcass whilst maximizing DDGS inclusion to reduce 
feed costs. 
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TABLES 
 
Table 1. Summary of studies evaluating the effects of DDGS on growth performance of growing-finishing pigs. 
     
DDGS1 level, % 
 
Item # Pigs BW range, kg 
Housing system (number 
of pigs/pen) Feeding regime 0 5 10 15 20 25 30 40 45 60 P-value 
Average daily gain, kg 
             
 
    Bergstrom et al., 2009 1,080 35.1 - 125.0 Pen (27) NA2 - - - - 0.95 - - - - 0.92 0.01 
   Cromwell et al., 2011 560 33.0 - 121.0 Pen (4-6) Ad libitum 0.95 - - 0.95 - - 0.93 - 0.91 - ˂0.02 
   Dahlen et al., 2011 - Experiment 2 216 18.8 - 113.3 Pen (9) Ad libitum 0.88 - - - 0.88 - - - - - NA2 
   Hilbrands et al., 2013 - Experiment 1 216 51.3 - 112.0 Pen (9) Ad libitum 0.87 - - - 0.87 - - - - - ˃0.05 
   Hilbrands et al., 2013 - Experiment 2 324 33.2 - 120.0 Pen (9) Ad libitum 0.92 - - - - - - 0.88 - - ˂0.05 
   Lee et al., 2011 60 63.9 - 107.0 Pen (2) Ad libitum 0.96 - 0.86 - 0.77 - - - - - ˂0.01 
   Lee et al., 2013 72 43.7 - 129.1 Individual Ad libitum 0.99 - - - - - 0.95 - - - NA2 
   Linneen et al., 2008 - Experiment 1 1,050 47.6 - NA2 Pen (24-26) Ad libitum 0.94 - - 0.94 - - - - - - 0.99 
   Linneen et al., 2008 - Experiment 2 1,038 46.3 - NA2 Pen (24-26) Ad libitum 0.85 - 0.86 - 0.83 - 0.84 - - - 0.16 
   Linneen et al., 2008 - Experiment 3 1,112 49.8 - 117.23 Pen (25-28) Ad libitum 0.92 0.92 0.92 0.90 0.88 - - - - - 0.14 
   Salyer et al., 2012 288 46.6 - 132.4 Pen (8) Ad libitum 1.05 - - - - - 1.04 - - - 0.51 
   Weber et al., 2013 1,860 29.8 - 122.2 Pen (62) Ad libitum - - - - - - 0.91 - - 0.92 0.59 
   Widmer et al., 2008 84 22.0 - 124.7 Pen (2) Ad libitum 0.89 - 0.93 - 0.90 - - - - - 0.76 
   Whitney et al., 2006 240 28.0 - 114.0 Pen (10) Ad libitum 0.86 - 0.86 - 0.83 - 0.81 - - - 0.01 
   Xu. et al., 2010a 512 22.0 - 115.0 Pen (8) Ad libitum 0.92 - 0.92 - 0.92 - 0.91 - - - 0.74 
   Xu et al., 2010b 432 29.8 - 123.5 Pen (9) Ad libitum 0.92 - - 0.90 - - 0.89 - - - 0.11 
   Ying et al., 2013 1,104 36.0 - 124.4 Pen (26) Ad libitum 0.83 - - - - - 0.84 - - - 0.83 
   Zhu et al., 2012 60 33.5 - 123.8 Pen (10) Ad libitum 0.89 - - - - 0.83 - - - - NA2 
Average daily feed intake, kg 
    
 
        
 
    Bergstrom et al., 2009 1,080 35.1 - 125.0 Pen (27) NA2 - - - - 2.59 - - - - 2.59 ˃0.10 
   Cromwell et al., 2011 560 33.0 - 121.0 Pen (4-6) Ad libitum 2.74 - - 2.77 - - 2.69 - 2.71 - 0.17 
   Dahlen et al., 2011 - Experiment 1 24 52.0 - 59.2 Individual Ad libitum 1.39 - - - - - 1.40 1.41 - - NA2 
   Dahlen et al., 2011 - Experiment 2 216 18.8 - 113.3 Pen (9) Ad libitum 2.32 - - - 2.39 - - - - - NA2 
   Hastad et al., 2005 - Experiment 2 187 23.6 - NA2 Pen (17) NA2 0.776 - 0.524 - 0.331 - 0.153 - - - NA2 
   Hastad et al., 2005 - Experiment 34 120 18.9 - NA2 Pen (15) NA2 - - - - - - - - - - - 
   Hilbrands et al., 2013 - Experiment 1 216 51.3 - 112.0 Pen (9) Ad libitum 2.70 - - - 2.75 - - - - - ˂0.10 
   Hilbrands et al., 2013 - Experiment 25 324 33.2 - 120.0 Pen (9) Ad libitum 2.70 - - - - - - 2.65 - - ˂0.05 
   Lee et al., 2011 60 63.9 - 107.0 Pen (2) Ad libitum 0.0027 - 0.0025 - 0.0023 - - - - - ˂0.05 
   Lee et al., 2013 72 43.7 - 129.1 Individual Ad libitum 2.85 - - - - - 2.67 - - - NA2 
   Linneen et al., 2008 - Experiment 1 1,050 47.6 - NA2 Pen (24-26) Ad libitum 2.14 - - 2.15 - - - - - - 0.74 
   Linneen et al., 2008 - Experiment 2 1,038 46.3 - NA2 Pen (24-26) Ad libitum 1.95 - 1.98 - 1.91 - 1.90 - - - 0.09 
   Linneen et al., 2008 - Experiment 3 1,112 49.8 - 117.2 Pen (25-28) Ad libitum 2.39 2.32 2.37 2.31 2.29 - - - - - 0.13 
   Salyer et al., 2012 288 46.6 - 132.4 Pen (8) Ad libitum 3.22 - - - - - 3.11 - - - 0.12 
   Weber et al., 2013 1,860 29.8 - 122.2 Pen (62) Ad libitum - - - - - - 2.07 - - 2.03 0.21 
   Widmer et al., 2008 84 22.0 - 124.7 Pen (2) Ad libitum 2.57 - 2.75 - 2.60 - - - - - 0.78 
   Whitney et al., 2006 240 28.0 - 114.0 Pen (10) Ad libitum 2.38 - 2.37 - 2.31 - 2.35 - - - 0.59 
   Xu. et al., 2010a 512 22.0 - 115.0 Pen (8) Ad libitum 2.57 - 2.55 - 2.49 - 2.46 - - - 0.001 
   Xu et al., 2010b 432 29.8 - 123.5 Pen (9) Ad libitum 2.74 - - 2.70 - - 2.68 - - - 0.40 
   Ying et al., 2013 1,104 36.0 - 124.4 Pen (26) Ad libitum 2.43 - - - - - 2.47 - - - 0.20 
   Zhu et al., 2012 60 33.5 - 123.8 Pen (10) Ad libitum 2.45 - - - - 2.31 - - - - NA2 
Gain:Feed, kg:kg 
             
 
    Cromwell et al., 2011 560 33.0 – 121.0 Pen (4-6) Ad libitum 0.347 - - 0.344 - - 0.344 - 0.337 - 0.24 
   Dahlen et al., 2011 - Experiment 2 216 18.8 - 113.3 Pen (9) Ad libitum 0.380 - - - 0.370 - - - - - NA2 
   Hilbrands et al., 2013 - Experiment 1 216 51.3 - 112.0 Pen (9) Ad libitum 0.323 - - - 0.317 - - - - - ˂0.05 
   Hilbrands et al., 2013 - Experiment 2 324 33.2 – 120.0 Pen (9) Ad libitum 0.340 - - - - - - 0.340 - - ˃0.05 
   Lee et al., 2013 72 43.7 - 129.1 Individual Ad libitum 0.350 - - - - - 0.360 - - - NA2 
   Linneen et al., 2008 - Experiment 1 1,050 47.6 - NA2 Pen (24-26) Ad libitum 0.440 - - 0.439 - - - - - - 0.82 
   Linneen et al., 2008 - Experiment 2 1,038 46.3 - NA2 Pen (24-26) Ad libitum 0.437 - 0.435 - 0.437 - 0.440 - - - 0.66 
   Linneen et al., 2008 - Experiment 3 1,112 49.8 - 117.2 Pen (25-28) Ad libitum 0.385 0.395 0.387 0.388 0.386 - - - - - 0.06 
   Salyer et al., 2012 288 46.6 - 132.4 Pen (8) Ad libitum 0.327 - - - - - 0.333 - - - 0.11 
   Weber et al., 2013 1,860 29.8 - 122.2 Pen (62) Ad libitum - - - - - - 0.44 - - 0.45 0.11 
   Widmer et al., 2008 84 22.0 - 124.7 Pen (2) Ad libitum 0.349 - 0.338 - 0.348 - - - - - 0.94 
   Whitney et al., 2006 240 28.0 – 114.0 Pen (10) Ad libitum 0.360 - 0.360 - 0.360 - 0.340 - - - 0.02 
   Xu. et al., 2010a 512 22.0 - 115.0 Pen (8) Ad libitum 0.360 - 0.360 - 0.370 - 0.370 - - - 0.002 
   Xu et al., 2010b 432 29.8 - 123.5 Pen (9) Ad libitum 0.330 - - 0.340 - - 0.340 - - - 0.94 
   Ying et al., 2013 1,104 36.0 - 124.4 Pen (26) Ad libitum 0.345 - - - - - 0.339 - - - 0.18 
   Zhu et al., 2012 60 33.5 - 123.8 Pen (10) Ad libitum 0.360 - - - - 0.360 - - -  0.34 
1DDGS = Distillers dried grains with solubles. 
2NA = Not applicable or not given. 
3Slaughter weight taken at the plant. 
4Values not given. 
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Table 2. Summary of studies evaluating the effects of DDGS on hot carcass weight and carcass yield of growing-finishing pigs. 
     
DDGS1 level, % 
Item # Pigs BW range, kg 
Housing system (number 
of pigs/pen) 
Feeding 
regime 0 5 10 15 20 25 30 40 45 60 P-value 
Hot carcass weight, kg 
                  Bergstrom et al., 2009 1,080 35.1-125.0 Pen (27) NA2 - - - - 96.6 - - - - 93.5 0.01 
   Cromwell et al., 2011 560 33.0 - 121.0 Pen (4-6) Ad libitum 90.8 - - 91.9 - - 89.9 - 89.0 - ˂0.05 
   Dahlen et al., 2011 - Experiment 2 216 18.8 - 113.3 Pen (9) Ad libitum 84.5 - - - 83.8 - - - - - NA2 
   Hilbrands et al., 2013 - Experiment 1 216 51.3 - 112.0 Pen (9) Ad libitum 83.8 - - - 83.6 - - - - - ˃0.05 
   Hilbrands et al., 2013 - Experiment 2 324 33.2 - 120.0 Pen (9) Ad libitum 93.3 - - - - - - 88.3 - - ˂0.05 
   Lee et al., 2011 60 63.9 - 107.0 Pen (2) Ad libitum 83.9 - 81.9 - 78.5 - - - - - ˃0.05 
   Lee et al., 2013 72 43.7 - 129.1 Individual Ad libitum 99.4 - - - - - 95.1 - - - NA2 
   Leick et al., 2010 240 40.0 - 131.8 Pen (8) NA2 102.5 - - 101.2 - - 97.8 - 96.9 96.0 0.02 
   Linneen et al., 2008 - Experiment 3 1,112 49.8 - 117.2 Pen (25-28) Ad libitum 89.2 88.9 88.6 87.6 87.4 - - - - - 0.34 
   McClelland et al., 2012 60 34.0 - 120.0 Pen (4-6) NA2 89.2 - - 88.5 - - 86.7 - 88.3 - 0.36 
   Salyer et al., 2012 288 46.6 - 132.4 Pen (8) Ad libitum 100.1 - - - - - 98.1 - - - 0.22 
   Widmer et al., 2008 84 22.0 - 124.7 Pen (2) Ad libitum 88.3 - 91.7 - 88.7 - - - - - 0.91 
   Whitney et al., 2006 240 28.0 - 114.0 Pen (10) Ad libitum 85.7 - 86.8 - 81.5 - 80.6 - - - 0.02 
   Xu. et al., 2010a 512 22.0 - 115.0 Pen (8) Ad libitum 100.5 - 100.5 - 100.4 - 98.8 - - - 0.23 
   Xu et al., 2010b 432 29.8 - 123.5 Pen (9) Ad libitum 94.9 - - 94.5 - - 93.7 - - - 0.39 
   Ying et al., 2013 1,104 36.0 - 124.4 Pen (26) Ad libitum 93.7 - - - - - 93.6 - - - 0.95 
Carcass yield, % 
                  Bergstrom et al., 2009 1,080 35.1 - 125.0 Pen (27) NA2 - - - - 74.9 - - - - 75.1 ˃0.10 
   Cromwell et al., 2011 560 33.0 - 121.0 Pen (4-6) Ad libitum 74.8 - - 74.8 - - 74.7 - 74.3 - 0.24 
   Dahlen et al., 2011 - Experiment 2 216 18.8 - 113.3 Pen (9) Ad libitum 73.9 - - - 72.8 - - - - - NA2 
   Hilbrands et al., 2013 - Experiment 1 216 51.3 - 112.0 Pen (9) Ad libitum 74.8 - - - 74.6 - - - - - ˃0.05 
   Hilbrands et al., 2013 - Experiment 2 324 33.2 - 120.0 Pen (9) Ad libitum 76.2 - - - - - - 74.9 - - ˂0.05 
   Lee et al., 2011 60 63.9 - 107.0 Pen (2) Ad libitum 77.5 - 77.8 - 77.0 - - - - - ˃0.05 
   Lee et al., 2013 72 43.7 - 129.1 Individual Ad libitum 78.1 - - - - - 77.5 - - - NA2 
   Leick et al., 2010 240 40.0 - 131.8 Pen (8) NA2 75.8 - - 74.9 - - 75.4 - 74.7 74.0 0.04 
   Linneen et al., 2008 - Experiment 3 1,112 49.8 - 117.2 Pen (25-28) Ad libitum 75.7 75.5 75.4 75.2 75.1 - - - - - 0.24 
   McClelland et al., 2012 60 34.0 - 120.0 Pen (4-6) NA2 73.4 - - 73.0 - - 72.6 - 72.7 - 0.15 
   Salyer et al., 2012 288 46.6 - 132.4 Pen (8) Ad libitum 74.2 - - - - - 73.4 - - - 0.03 
   Widmer et al., 2008 84 22.0 - 124.7 Pen (2) Ad libitum 71.1 - 71.7 - 71.0 - - - - - 0.84 
   Whitney et al., 2006 240 28.0 - 114.0 Pen (10) Ad libitum 73.4 - 72.8 - 72.1 - 71.9 - - - 0.01 
   Xu. et al., 2010a 512 22.0 - 115.0 Pen (8) Ad libitum 77.9 - 77.7 - 77.1 - 76.7 - - - ˂0.001 
   Xu et al., 2010b 432 29.8 - 123.5 Pen (9) Ad libitum 76.1 - - 76.5 - - 76.3 - - - 0.35 
   Ying et al., 2013 1,104 36.0 - 124.4 Pen (26) Ad libitum 75.2 - - - - - 75.1 - - - 0.80 
1DDGS = Distillers dried grains with solubles. 
2NA = Not applicable or not given. 
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Table 3. Summary of studies evaluating the effects of DDGS on backfat thickness and loin depth of growing-finishing pigs. 
     
DDGS
1
 level, % 
 
Item # Pigs BW range, kg 
Housing system 
(number of pigs/pen) 
Feeding 
regime 0 5 10 15 20 25 30 40 45 60 P-value 
Backfat thickness, cm 
                  Bergstrom et al., 2009
2 
1,080 35.1 - 125.0 Pen (27) NA
5
 - - - - 1.94 - - - - 1.82 0.01 
   Cromwell et al., 2011
3
 560 33.0 - 121.0 Pen (4-6) Ad libitum 2.25 - - 2.27 - - 2.14 - 2.16 - ˂0.02 
   Dahlen et al., 2011 - Experiment 22
4
 216 18.8 - 113.3 Pen (9) Ad libitum 1.55 - - - 1.60 - - - - - NA
5
 
   Dahlen et al., 2011 - Experiment 2
6
 216 18.8 - 113.3 Pen (9) Ad libitum 2.40 - - - 2.40 - - - - - NA
5
 
   Hilbrands et al., 2013 - Experiment 12 216 51.3 - 112.0 Pen (9) Ad libitum 1.93 - - - 2.01 - - - - - ˃0.05 
   Hilbrands et al., 2013 - Experiment 2
2,6
 324 33.2 - 120.0 Pen (9) Ad libitum 2.13 - - - - - - 1.85 - - ˂0.05 
   Lee et al., 2011
3
 60 63.9 - 107.0 Pen (2) Ad libitum 1.57 - 1.46 - 1.47 - - - - - ˃0.05 
   Lee et al., 2013
3
 72 43.7 - 129.1 Individual Ad libitum 1.93 - - - - - 1.73 - - - NA
5
 
   Leick et al., 2010
3
 240 40.0 - 131.8 Pen (8) NA
5
 1.82 - - 1.92 - - 1.78 - 1.78 1.75 0.74 
   Linneen et al., 2008 - Experiment 3
7
 1,112 49.8 - 117.2 Pen (25-28) Ad libitum 1.86 1.88 1.82 1.81 1.79 - - - - - 0.40 
   McClelland et al., 2012
3
 60 34.0 - 120.0 Pen (4-6) NA
5
 2.59 - - 2.42 - - 2.35 - 2.47 - 0.48 
   Salyer et al., 2012
6
 288 46.6 - 132.4 Pen (8) Ad libitum 2.48 - - - - - 2.29 - - - 0.01 
   Widmer et al., 2008
3
 84 22.0 - 124.7 Pen (2) Ad libitum 2.50 - 2.60 - 2.40 - - - - - 0.69 
   Whitney et al., 2006
3
 240 28.0 - 114.0 Pen (10) Ad libitum 2.13 - 2.18 - 2.11 - 2.06 - - - 0.68 
   Xu. et al., 2010a
6
 512 22.0 - 115.0 Pen (8) Ad libitum 2.92 - 2.90 - 2.87 - 2.74 - - - 0.11 
   Xu et al., 2010b
6
 432 29.8 - 123.5 Pen (9) Ad libitum 2.82 - - 2.70 - - 2.63 - - - 0.28 
   Ying et al., 2013
8
 1,104 36.0 - 124.4 Pen (26) Ad libitum 1.71 - - - - - 1.67 - - - 0.14 
Loin depth, cm 
                  Bergstrom et al., 2009 1,080 35.1 - 125.0 Pen (27) NA
5
 - - - - 5.98 - - - - 5.89 ˃0.10 
   Dahlen et al., 2011 - Experiment 2
9
 216 18.8 - 113.3 Pen (9) Ad libitum 6.25 - - - 5.86 - - - - - NA
5
 
   Leick et al., 2010
9
 240 40.0 - 131.8 Pen (8) NA
5
 5.91 - - 5.86 - - 5.57 - 5.63 5.58 0.23 
   Linneen et al., 2008 - Experiment 3
7
 1,112 49.8 - 117.2 Pen (25-28) Ad libitum 5.85 5.85 5.81 5.73 5.75 - - - - - 0.75 
   Salyer et al., 2012
10
 288 46.6 - 132.4 Pen (8) Ad libitum 6.12 - - - - - 6.15 - - - 0.73 
   Widmer et al., 2008
9
 84 22.0 - 124.7 Pen (2) Ad libitum 6.06 - 5.93 - 5.76 - - - - - 0.25 
   Whitney et al., 2006
9
 240 28.0 - 114.0 Pen (10) Ad libitum 5.65 - 5.39 - 5.48 - 5.16 - - - 0.02 
   Ying et al., 2013
8
 1,104 36.0 - 124.4 Pen (26) Ad libitum 6.36 - - - - - 6.22 - - - 0.09 
1
DDGS  =Disillers dried grains with solubles 
2
Backfat location not given. 
3
Value for 10th rib backfat thickness. 
4
Adjusted 10th rib backfat thickness. 
5
NA = Not applicable or not given. 
6
Value for last rib backfat thickness. 
7
Vaue measured between 3rd and 4th rib from the last rib. 
8
Backfat thickness and loin depth location not given. 
9
Value for 10th rib loin depth. 
10
Value for last rib loin depth. 
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Table 4. Summary of studies evaluating the effects of DDGS on iodine value of growing-finishing pigs. 
     
DDGS
1
 level, % 
 
Item # Pigs BW range, kg 
Housing system 
(number of pigs/pen) 
Feeding 
regime 0 5 10 15 20 25 30 40 45 60 P-value 
Belly IV 
                  Benz et al., 2010 1,112 49.8 - 117.2 Pen (25-28) Ad libitum 70.2 71.5 72.4 73.3 74.5 - - - - - 0.01 
   Dahlen et al., 2011 - Experiment 2 216 18.8 - 113.3 Pen (9) Ad libitum 57.8 - - - 65.0 - - - - - NA
2
 
   Lee et al., 2013 72 43.7 - 129.1 Individual Ad libitum 74.9 - - - - - 79.4 - - - NA
2
 
   Leick et al., 2010 240 40.0 - 131.8 Pen (8) NA
2
 82.4 - - 89.2 - - 88.9 - 96.7 95.6 0.02 
   McClelland et al., 2012 60 34.0 - 120.0 Pen (4-6) NA
2
 65.4 - - 69.7 - - 75.8 - 79.5 - 0.001 
   Widmer et al., 2008 84 22.0 - 124.7 Pen (2) Ad libitum 69.8 - 69.8 - 72.0 - - - - - 0.22 
   Whitney et al., 2006 240 28.0 - 114.0 Pen (10) Ad libitum 66.8 - 68.6 - 70.6 - 72.0 - - - 0.01 
   Xu. et al., 2010a 512 22.0 - 115.0 Pen (8) Ad libitum 61.5 - 65.4 - 69.3 - 72.3 - - - ˂0.001 
   Xu et al., 2010b 432 29.8 - 123.5 Pen (9) Ad libitum 58.8 - - 64.7 - - 66.7 - - - ˂0.001 
Backfat IV 
                  Benz et al., 2010 1,112 49.8 - 117.2 Pen (25-28) Ad libitum 68.3 70.0 71.2 72.4 72.8 - - - - - 0.01 
   Cromwell et al., 2011
3
 560 33.0 - 121.0 Pen (4-6) Ad libitum 61.1 - - 68.2 - - 74.7 - 82.2 - ˂0.001 
   Cromwell et al., 2011
4
 560 33.0 - 121.0 Pen (4-6) Ad libitum 67.9 - - 73.6 - - 79.6 - 85.8 - ˂0.001 
   Hilbrands et al., 2013 - Experiment 2 324 33.2 - 120.0 Pen (9) Ad libitum 61.2 - - - - - - 74.4 - - ˂0.001 
   Lee et al., 2013 72 43.7 - 129.1 Individual Ad libitum 72.7 - - - - - 78.6 - - - NA
2
 
   McClelland et al., 2012
3
 60 34.0 - 120.0 Pen (4-6) NA
2
 65.1 - - 68.4 - - 76.9 - 80.8 - 0.001 
   McClelland et al., 2012
4
 60 34.0 - 120.0 Pen (4-6) NA
2
 63.4 - - 69.5 - - 75.2 - 79.1 - 0.001 
   Xu. et al., 2010a 512 22.0 - 115.0 Pen (8) Ad libitum 58.4 - 63.6 - 68.4 - 72.4 - - - ˂0.001 
   Zhu et al., 2012 60 33.5 - 123.8 Pen (10) Ad libitum 61.3 - - - - 68.6 - - - - NA
2
 
Jowl IV 
                  Bergstrom et al., 2009
2
 1,080 35.1 - 125.0 Pen (27) NA
5
 - - - - 69.8 - - - - 80.8 0.001 
   Benz et al., 2010 1,112 49.8 - 117.2 Pen (25-28) Ad libitum 70.7 70.8 71.9 72.6 73.8 - - - - - 0.01 
   Leick et al., 2010 240 40.0 - 131.8 Pen (8) NA
2
 78.4 - - 83.7 - - 87.6 - 90.4 93.4 ˂0.0001 
   Salyer et al., 2012 288 46.6 - 132.4 Pen (8) Ad libitum 70.6 - - - - - 76.5 - - - 0.01 
   Ying et al., 2013 1,104 36.0 - 124.4 Pen (26) Ad libitum 66.8 - - - - - 74.0 - - - 0.001 
1
DDGS = Distillers dried grains with solubles. 
2
NA = Not applicable or not given. 
3
Value for inner layer of backfat. 
4
Value for outer layer of backfat. 
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CHAPTER 2: EFFECT OF DIETARY DISTILLERS DRIED GRAINS WITH 
SOLUBLES (DDGS) INCLUSION LEVEL AND PIG REMOVAL STRATEGY AT 
HARVEST ON GROWTH PERFORMANCE, CARCASS CHARACTERISTICS, AND 
FAT QUALITY OF GROWING-FINISHING PIGS. 
INTRODUCTION 
 In order to minimize feed costs because of high corn prices, hog producers continue to 
explore approaches to replace corn in diets fed to pigs.  One way to do this is to replace corn 
with corn distillers dried grains with solubles (DDGS), a by-product of ethanol production from 
corn.  However, including high fiber sources, such as DDGS, in diets to replace corn can 
negatively affect growth performance, carcass characteristics, and fat quality.  Stein and Shurson 
(2009) performed a meta-analysis evaluating the effect of increasing inclusion levels of DDGS 
pigs on growth performance, carcass characteristics, and fat quality.  These authors reported that 
up to 30% DDGS can be included in diets for growing-finishing pigs without sacrificing growth 
performance, but in contrast, only 20% DDGS can be included in the diet fed to pigs without 
negatively affecting carcass characteristics and fat quality. 
 Different pig removal strategies to select pigs for harvest can be applied in order to 
maximize the number of pigs that receive full value.  However, there is very little research 
evaluating the effects of whole pen pig removal strategies compared to pens harvested in smaller 
cuts over several weeks on fat quality. 
 Therefore, the objective of this study was to determine the effect of dietary DDGS 
inclusion level and pig removal strategy at harvest on the growth performance, carcass 
characteristics, and fat quality of growing-finishing pigs. 
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MATERIALS AND METHODS 
This study was conducted at The Maschhoff’s Georgia Technology Center located near 
New Minden, IL and the experimental protocol was approved by the University of Illinois 
Institutional Animal Care and Use Committee. 
Experimental Design and Treatments.  This study was conducted as a randomized 
complete block design (blocking factor was day of start on test) with 6 treatments/pig removal 
programs: 1) 0% DDGS; all pigs in the pen taken off test and sent for harvest at one time, 2) 0% 
DDGS; pigs in each pen taken off test and sent for harvest in 6 groups over time, 3) 20% DDGS; 
all pigs in the pen taken off test and sent for harvest at one time, 4) 40% DDGS; all pigs in the 
pen taken off test and sent for harvest at one time, 5) 40% DDGS; pigs in each pen taken off test 
and sent for harvest in 6 groups over time, 6) 60% DDGS; all pigs in the pen taken off test and 
sent for harvest at one time.  Pen was used as the experimental unit for the growth study and 
carcass measurements, and there were 8 replicates per treatment.  For carcass cut test and meat 
and fat quality measurements, the individual pig was used as the experimental unit. 
Animals and Allotment.  A total of 1,632 animals were used in the study which were the 
progeny of PIC 359 sires mated to PIC C29 dams (PIC, Hendersonville, KY).  An initial 
allotment was carried out at weaning.  On the day of weaning, pigs were individually weighed, 
tagged, and sorted into outcome groups of 6 barrows or 6 gilts on the basis of similar body 
weight and from the same farrowing site.  Pigs were randomly allotted to pens from within the 
outcome group and the process was repeated until there were 6 pens with 34 pigs per pen (17 
barrows and 17 gilts).  Pigs were grown from weaning until they reached 23.4 kg live weight at 
which stage the final allotment to treatments was carried out.  At that time, pens were weighed as 
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a group.  Outcome groups of 6 pens with a similar mean weight were formed and pens were 
randomly allotted to dietary treatment from within outcome group. 
Diets and Housing.  Pigs were housed in three rooms of a tunnel ventilated wean-to-
finish building that had fully slatted concrete flooring.  Pen divisions and gates were of 
horizontal steel rods, with adjustment gates located in the back of the pen which were moved if 
pigs were removed during the study to maintain the same space allowance per pig.  Floor space 
allowance for the entire study period was 0.64 m
2
 per pig.  The pens in one room contained a 5-
space wet/dry box feeder mounted in the fence with 1 of the holes covered for a total of 4 
feeding spaces with a trough space of 4.06 cm/pig.  There were 2 cup water drinkers located in 
the middle and the back of the pen.  In the other 2 rooms, each pen contained a 4-space dry 
feeder with a trough space of 4.57 cm/pig.  There was 1 cup water drinker located in the back of 
the pen.   
Diets were formulated to meet or exceed NRC (1998) recommendations for nutrient 
requirements and feed and water were available ad libitum.  The analyzed composition of the 
major ingredients (DDGS, corn, and soybean meal) are presented in Table 5.  There were 5 
dietary phases and diets were fed according to the following feed budget: Grow-finish phase 2; 
45.4 kg/pig, Grow-finish phase 3; 52.2 kg/pig, Grow-finish phase 4; 63.5 kg/pig, Grow-finish 
phase 5; 56.7 kg/pig, and Grow-finish phase 6; 63.5 kg/pig (Tables 6 to 10). 
The thermostat inside the three rooms was set at 18.3°C throughout the study period and 
the room temperature was maintained with thermostat-controlled heaters and fan ventilation.  
Water sprinklers, located on the ceiling in the back of each pen, were activated when the 
temperature of the rooms reached 29.4°C. 
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Growth Measurements.  Pigs were individually weighed at weaning and at the end of the 
study period.  Group pen weights were collected at the start and end of the study and every 2 
weeks in the interim period.  Pigs were ultrasonically scanned at the end of the study period 
(prior to shipment for harvest) when the average pen weight reached 128.9 kg ± 1.91 kg for the 
whole pen treatments using an Aloka model 500V B-mode scanner with an Aloka 5011 probe 
(Corometrics Medical Systems, Wallingford, CT).  A transverse ultrasound scan was taken at the 
10
th
 rib and backfat depth (over the middle of the Longissimus muscle) and Longissimus muscle 
depth were measured on the scan using the AUSkey System (Animal Ultrasound Services, 
Ithaca, NY).  For the pens that were sent for harvest in 6 groups, the first group of pigs were 
taken off test when the pen mean weights reached 112.1 kg ± 2.04 kg.  Groups were taken off 
test according to the following schedule: 
1. Week 1: Heaviest 10% of the pen  
2. Week 2: Heaviest 20% 
3. Week 3: Heaviest 20% 
4. Week 4: Heaviest 20% 
5. Week 5: Heaviest 10% 
6. Week 6: Lightest 20% of pen 
Feed delivered to each feeder was measured using a feed delivery system (AZA 
International, Medolago, Italy).  Also, feed in the feeder was measured every time pig weights 
were collected to calculate feed intake and gain:feed ratio.  Pigs that experienced health 
problems or injuries were weighed and removed from study and weights were used in the 
calculation of growth rate and gain:feed ratio. 
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Pigs Used for Carcass Cut Test and Detailed Meat and Fat Quality.  One barrow and 1 
gilt from each pen (2 pigs/pen; 92 pigs in total) that were close to the pen mean were selected for 
carcass cut test and detailed meat and fat quality evaluation (Subsample 1).  An additional 1 
barrow and 1 gilt (2 pigs/pen; 87 pigs in total) that were close to the pen mean were selected for 
additional gas chromatography fatty acid analysis (Subsample 2).  Pigs were tattooed with an 
individual tattoo prior to shipment for harvest. 
Pigs Used for NIR Analysis.  Pigs that were used for NIR analysis were selected by 
dividing the pen into two groups of similar weight.  This was completed by sorting pigs by 
weight and selecting every other animal across the weight range such that the average weight and 
standard deviation in weight for the selected pigs was similar to that for the pen.  Pigs were 
tattooed with an individual tattoo prior to shipment for harvest.  All pigs that were not selected 
for detailed meat and fat quality and carcass cut test evaluation and NIR analysis were tattooed 
with a unique pen identification number. 
 Harvest and Carcass Measurements.  All pigs that completed the growth study were sent 
for harvest to a commercial plant the day after final weights were collected.  Carcass grading 
measurements (hot carcass weight and midline backfat thickness at the last rib) were collected on 
the slaughter line.   
Meat and Fat Quality Measurements.  Approximately 24 h post mortem, whole boneless 
loins were separated from each carcass and cut in half.  Ultimate pH was measured on the 
Longissimus muscle at the tenth rib using a MPI pH Meter (Model C033, Meat Probes, Inc., 
USA).  Subjective scores for color (1 = extremely pale to 6 = extremely dark; NPPC 1999), 
firmness (1 = extremely soft to 5 = extremely firm; NPPC, 1991), and marbling (1 = 1% 
intramuscular fat to 10 = 10% intramuscular fat; NPPC 1999) were collected on the cut surface 
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of the Longissimus muscle at the 10
th
 rib.  Objective color measurements (Minolta L*, a*, and 
b*) were taken on the cut surface of the Longissimus muscle at the 10
th
 rib using a CR-300 
Minolta Chromameter with settings of illuminant D65 and 0° viewing angle (Minolta Camera 
Company, Tokyo, Japan).  The belly was removed and belly weight, length (measured from 
cranial to caudal end), thickness, and flop distance were measured.  Belly thickness was 
measured by laying the belly flat on a table and measuring the thickness at one location in the 
center of the belly.  Belly flop distance was measured by draping the belly over a stationary 
stainless-steel rod with the lean side up and measuring the distance between the skin surfaces 
(Whitney et al., 2006).  Belly flop angle was calculated using the following equation (Whitney et 
al., 2006):  
Belly flop angle (degrees) = cos
−1
{[(0.5 × L2) − D2] ÷ (0.5 × L2)}, where L is one-half the 
belly length and D is the distance between the belly ends.   
Approximately 1 hr post-harvest, 4 fat samples were taken from the left side of each 
carcass for fatty acid analysis. Belly fat samples were taken posterior to the sternum on the left 
side of the carcass and jowl fat samples were taken at the anterior end of the jowl at the site of 
head removal.  Backfat samples were taken from two locations, one adjacent to the area of the 3
rd
 
thoracic vertebra and the other from the middle of the clear plate.  Fat samples from all pigs were 
analyzed for iodine value using near-infrared spectroscopy (Model Bruker MPA; Bruker Optics, 
Billerica, MA).  Samples from the 2 subsamples of pigs were used for analysis of fatty acid 
profile using gas chromatography.  Subsample 1 contained the jowl and the 2 backfat samples 
from the pigs used for meat quality and carcass cut test evaluation (2 pigs/pen; 1 barrow and 
1gilt; 92 pigs in total; subsample 1).  Subsample 2 contained the jowl, belly, and backfat (from 
the 3
rd
 thoracic vertebra) samples from an additional 87 pigs (2 pigs/pen; 1 barrow and 1 gilt; 
 24 
 
subsample 2).  For both subsamples of pigs, iodine value was calculated from the fatty acid 
profile using the equation of AOCS (1998):   
Iodine value = 16:1(0.95) + 18:1(0.86) + 18:2(1.732) + 18:3(2.616) + 20:1(0.785) + 
22:1(0.723). 
Statistical Analysis.  All data were tested for normality using the PROC UNIVARIATE 
procedure of SAS (SAS Inst. Inc., Cary, NC).  Morbidity and mortality data were not normally 
distributed and were analyzed using the PROC FREQ procedure of SAS.  Data meeting the 
criteria for normality were analyzed using the PROC MIXED procedure of SAS.  Data were 
analyzed as a randomized complete block design with the model accounting for the fixed effects 
of treatment, sex, and the two-way interaction, and the random effects of replicate.  However, 
sex was included as a fixed effect in the model used for analysis of the meat and fat quality, and 
carcass cut test data.  Pen was used as the experimental unit for the growth study and carcass 
measurements.  For carcass cut test and meat and fat quality measurements, the individual pig 
was used as the experimental unit.  Least-squares means were compared using the PDIFF option 
of SAS. 
RESULTS AND DISCUSSION 
INGREDIENT AND DIET COMPOSITION 
 Analyzed composition of DDGS, corn, and soybean meal used in this study is presented 
in Table 5.  As expected, acid detergent fiber (ADF) and neutral detergent fiber (NDF) was 
higher in DDGS compared to corn and soybean meal.  This is in agreement with Stein and 
Shurson (2009) and Xu et al. (2010a) who showed that the neutral detergent fiber content of 
DDGS is about 3 times greater compared to corn. 
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 Diet formulations and calculated and analyzed nutrient levels for grow-finish phases 2 to 
6 are presented in Tables 6 to 10, respectively.  Diets were formulated to be isocaloric and to the 
same standard ileal digestible lysine level.  As DDGS levels in the diet were increased, fat 
(yellow grease) was added to maintain the same energy level across diets.  As expected, analyzed 
values for nutrients were very similar to calculated values (Tables 6 to 10). 
 Fatty acid profile for the dietary fat for grow-finish phases 2 to 6 is presented in Table 11.  
Concentrations of linoleic acid, poly-unsaturated fatty acids, and iodine value decreased and 
concentrations of mono-unsaturated and saturated fatty acids increased with increasing DDGS 
inclusion level for all grow-finish phases.  The diets with the higher DDGS levels also had 
higher levels of yellow grease which increased the concentration of saturated fatty acids in the 
diet.  This changed the proportion of saturated and unsaturated fatty acids in the diet, leading to a 
decrease in iodine value of the dietary fat as DDGS inclusion level increased. 
GROWTH PERFORMANCE 
Effect of DDGS Inclusion Level. Least-squares means for the effects of DDGS inclusion 
level on growth performance are presented in Table 12.  The effect of DDGS level was 
compared using orthogonal contrasts with the 0% DDGS level treatment combining Treatments 
1 and 2 and the 40% DDGS level treatment combining Treatments 4 and 5.  Overall average 
daily gain and feed intake decreased linearly (P ≤ 0.001) with increasing DDGS level (Table 12).  
However, for the pens that were taken off test in one group, only the growth rate and feed intake 
for the 60% inclusion level were lower (P ≤ 0.05) than the control (5.68% and 4.78% lower, 
respectively).  Gain:feed ratio was not affected (P ˃ 0.05) by DDGS inclusion level (Table 12).  
These results are in agreement with previous research by Whitney et al. (2006) and Cromwell et 
al. (2011) who reported a decrease in average daily gain when DDGS inclusion levels of 30% 
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and 45%, respectively, were fed.  However, these results are in contrast to those of Weber et al. 
(2013) who reported no effect on average daily gain of up to 60% DDGS inclusion level.  In 
terms of feed intake, Xu et al. (2010a) reported a decrease in feed intake when pigs were fed 
diets containing up to 30% DDGS, which is similar to the results of the current study.  However, 
Xu et al. (2010b), Cromwell et al. (2011), and Weber et al. (2013) reported no effect on feed 
intake of DDGS inclusion level of up to 30, 45, and 60%, respectively.  Cromwell et al. (2011) 
and Weber et al. (2013) also reported no effect on feed efficiency of feeding diets with up to 45 
and 60% DDGS, respectively.  In contrast to those results, Whitney et al. (2006) reported a 
decrease in gain:feed ratio when up to 30% DDGS was included in the diet to growing-finishing 
pigs.  However, Xu et al. (2010a) reported an increase in gain:feed ratio when up to 30% DDGS 
was included in the diet.  In the present study, the diets were formulated on a standard ileal 
digestible lysine level rather than a total lysine basis as in many of the previous studies (eg. 
Whitney et al., 2006).  This difference in diet formulation could help explain some of the 
variation in results reported in previous studies compared with those of the present study.  There 
was no effect (P > 0.05) of DDGS inclusion level on the incidence of morbidity and mortality 
(Table 13). 
Effect of Pig Removal Strategy.  Least-squares means for the effects of pig removal 
strategy on growth performance are presented in Table 12 (Treatments 1 and 4 vs. 2 and 5, 
respectively).  Overall average daily gain and gain:feed ratio were lower (P ≤ 0.01) for pens of 
pigs taken off test as a group and sent for harvest at one time compared to 6 groups over time for 
both 0 and 40% DDGS (Table 12).  However, feed intake was not affected (P ˃ 0.05) by pig 
removal strategy (Table 12).  These findings are similar to results from DeDecker et al. (2005) 
who reported an increase in gain:feed ratio when 25% and 50% of pigs were removed from the 
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pen compared to the control (0% removed).  Knauer et al. (2004), however, reported no effect of 
pig removal strategy on average daily gain and gain:feed ratio.  In addition, Scroggs et al. (2002) 
reported no effect of pig removal strategy on average daily gain; however, these authors reported 
a decrease in gain:feed ratio when pens of pigs were taken off test and sent for harvest in 
multiple groups over time compared to the control (pen of pigs taken off test and sent for harvest 
at the same time) which is in disagreement with the present study.  In terms of feed intake, the 
results of the present study are in agreement with those of Knauer et al. (2004), but are in 
contrast to results from DeDecker et al. (2002) and DeDecker et al. (2005) that reported an 
increase in feed intake as pigs were sent for harvest in multiple groups over time compared to the 
control.  This difference between studies in the effect of pig removal at market on feed intake 
could be due to the fact that, typically, the heaviest pigs in the pen are sent for harvest resulting 
in a greater floor space and increased access to feeder space and less competition for remaining 
pigs (DeDecker et al., 2005).  Findings from the present study suggest pigs taken off test and sent 
for harvest in 6 groups over time will maximize growth rate independent of DDGS inclusion 
level.   
CARCASS CHARACTERISTICS 
Effect of DDGS Inclusion Level.  Least-squares means for the effects of DDGS 
inclusion level on carcass characteristics are presented in Table 14.  The effect of DDGS level 
was compared using orthogonal contrasts with the 0% DDGS level treatment combining 
Treatments 1 and 2 and the 40% DDGS level treatment combining Treatments 4 and 5.  Hot 
carcass weight and carcass yield decreased linearly (P ≤ 0.001) with increasing DDGS inclusion 
level (Table 14).  These findings are in agreement with Leick et al. (2010) who reported a 
decrease in hot carcass weight and carcass yield for pigs fed diets containing up to 60% DDGS 
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compared to 0% DDGS.  These results are also in agreement with 4 other studies that reported a 
decrease in carcass yield with increasing DDGS inclusion level (Whitney et al., 2006; Xu et al., 
2010a; Salyer et al., 2012; and Hilbrands et al., 2013).  In contrast to the present study, however, 
Bergstrom et al. (2009) and McClelland et al. (2012) reported no effect of DDGS inclusion 
levels of up to 60% and 45%, respectively, on carcass yield.  Stein and Shurson (2009) stated 
that the increasing fiber content of diets fed to pigs, such as when DDGS is added, could lead to 
an increase in gut fill and intestinal mass, which would then lead to a decrease in carcass yield, 
which could be a reason for the decrease in carcass yield observed in the present study.   
In the present study, 10
th
 rib Longissimus muscle depth measured on the live animal using 
ultrasound decreased linearly (P ≤ 0.01) in all pigs sent for harvest and fed diets containing 60% 
DDGS (Table 14). When comparing the means, pigs fed diets containing 60% DDGS had 
decreased 10
th
 rib Longissimus muscle depth compared to pigs fed diets containing 0 and 20% 
DDGS (2.05% and 2.77% lower, respectively).  The results of the present study are in agreement 
with Whitney et al. (2006) and Dahlen et al. (2011) who also reported a decrease in Longissimus 
muscle depth with increasing DDGS inclusion level.  This is in contrast, however, to a previous 
study by Bergstrom et al. (2009) and Leick et al. (2010) who reported no effect of DDGS 
inclusion level of up to 60% on Longissimus muscle depth.  In the present study, last rib backfat 
thickness measured on the carcass decreased linearly (P ≤ 0.05) as DDGS inclusion level 
increased (Table 14).  This decrease in last rib backfat thickness could be due to the observed 
decrease in feed intake with increasing DDGS inclusion level (Table 12).  A decrease in feed 
intake translates to less total daily energy intake, which could result in decreased fat deposition 
in the carcass (Xu et al., 2010a).  The results from the present study agree with the studies of 
Salyer et al. (2012) and Lee et al. (2013) who reported a decrease in backfat thickness with 
 29 
 
increasing DDGS inclusion level, but are in contrast to Xu et al. (2010a), Xu et al. (2010b), and 
Ying et al. (2013) that reported no effect of DDGS inclusion level on backfat thickness.  There 
was no effect (P > 0.05), in the present study, of DDGS inclusion level on 10
th
 rib backfat 
thickness measured on the live animal using ultrasound. 
Effect of Pig Removal Strategy.  Least-squares means for the effects of pig removal 
strategy on carcass characteristics are presented in Table 14 (Treatments 1 and 4 vs. 2 and 5, 
respectively).  Hot carcass weight and carcass yield were lower (P ≤ 0.001) for pens of pigs 
removed from test and sent for harvest in 6 groups over time compared to pens of pigs removed 
from test and sent for harvest at one time (Table 14).  Tenth rib backfat thickness measured on 
the live animal using ultrasound was lower (P ≤ 0.001) for pens of pigs removed from test and 
sent for harvest in one group compared to 6 groups over time (Table 14).  In addition, there was 
no effect (P ˃ 0.05) of pig removal strategy on 10th rib Longissimus muscle depth measured on 
the animal using ultrasound or last rib backfat thickness measured on the carcass (Table 14).  
There has been little research evaluating the effects of pig removal strategy on carcass 
characteristics.  However, results from the present study are in contrast to results from Conte et 
al. (2012) who reported no effect of pig removal strategy on hot carcass weight.  For 10th rib 
backfat thickness, Scroggs et al. (2002) reported no effect of pig removal strategy on 10
th
 rib 
backfat thickness, which is also in contrast to the present study.  However, the results of the 
present study are similar to those of DeDecker et al. (2005) who reported no effect of pig 
removal strategy on last rib backfat thickness and Longissimus muscle depth.  In contrast, Conte 
et al. (2012) reported an increase in backfat thickness for pens of pigs removed from test and sent 
for harvest at multiple points in time compared to pens of pigs removed from test and sent for 
harvest in one group.   
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Results from the present study suggest that sending pigs to harvest in one group rather 
than in 6 groups over time is the preferred pig removal strategy in terms of optimizing carcass 
characteristics.  However, this is in contrast to results reported for the growth rate that showed 
that the optimal pig removal strategy was to send pigs to harvest in 6 groups over time rather in 
one group.  It is still unclear as to which pig removal strategy will optimize carcass 
characteristics of growing-finishing pigs, and further research needs to be conducted to fully 
understand the effect of pig removal strategies on carcass measures. 
MEAT QUALITY CHARACTERISTICS 
Effect of DDGS Inclusion Level.  Least-squares means for the effects of DDGS 
inclusion level on meat quality characteristics are presented in Table 15.  The effect of DDGS 
level was compared using orthogonal contrasts with the 0% DDGS level treatment combining 
Treatments 1 and 2 and the 40% DDGS level treatment combining Treatments 4 and 5.  There 
was no effect (P > 0.05) of DDGS inclusion level on ultimate pH, subjective scores (color, 
marbling, and firmness) and Minolta color measurements L*, a*, and b* (Table 15).  The present 
study is in partial agreement to results from Leick et al. (2010) and Ying et al. (2013) who 
reported no effect of DDGS inclusion level on Minolta L*, a*, and b* values.  This finding could 
be important in terms of consumer preference on pork cuts.  The fact that there was no effect of 
DDGS inclusion level on Minolta L*, a*, and b* or on subjective scores of color, marbling, and 
firmness suggest that consumers would not be able to differentiate between cuts of pork from 
pigs fed corn and soybean meal-based diets and cuts of pork from pigs fed DDGS-based diets 
(Lee et al., 2013).  However, in contrast to the present study, Xu et al. (2010a) reported a 
decrease in Longissimus muscle marbling and firmness scores as DDGS inclusion level increased 
and Widmer et al. (2008) reported a decrease on Minolta b* as DDGS inclusion level increased. 
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Effect of Pig Removal Strategy.  Least-squares means for the effects of pig removal 
strategy (Treatments 1 and 4 vs. 2 and 5, respectively) on meat quality characteristics are 
presented in Table 15.  In the present study, subjective scores for color were lower (P ≤ 0.05) 
and Minolta b* measurement was higher (P ≤ 0.01) for pens of pigs removed from test and sent 
for harvest in 6 groups over time compared to pens of pigs removed from test and sent for 
harvest in one group (Table 15).  There was no effect (P > 0.05) of pig removal strategy on 
subjective scores for firmness and marbling, Minolta L* and a* measurements, and ultimate pH 
(Table 15).  There is very little research evaluating the effects of pig removal strategy on meat 
quality measures; however, the results of the present study suggest that pig removal strategy had 
very little effect on meat quality characteristics. 
Effect of Sex.  Least-squares means for the effects of sex on meat quality characteristics 
are presented in Table 15.  There was a dietary treatment × sex interaction (P ≤ 0.05) for the 
subjective score of firmness.  There was no effect of dietary treatment on firmness in gilts, but in 
barrows, Treatment 2 had higher firmness scores than Treatments 3, 4, 5, and 6 with Treatment 1 
being intermediate.  This finding was unexpected and further research would be needed to clarify 
the fat firmness responses of barrows and gilts to increasing dietary DDGS inclusion level.  
Finally, there was no effect (P > 0.05) of sex on any of the other meat quality measurements 
(Table 15).  These results are in partial agreement with Xu et al. (2010a) who reported no effect 
of sex on ultimate pH, however, marbling and firmness was lower in gilts compared to barrows.   
FAT QUALITY 
Effect of DDGS Inclusion Level and Pig Removal Strategy.  Least-squares means for 
the effects of DDGS inclusion level and pig removal strategy (Treatments 1 and 4 vs. 2 and 5, 
respectively) on iodine value measured using both near infrared spectroscopy (NIR) and gas 
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chromatography (GC) are presented in Tables 16 to 22.  The effect of DDGS level was compared 
using orthogonal contrasts with the 0% DDGS level treatment combining Treatments 1 and 2 and 
the 40% DDGS level treatment combining Treatments 4 and 5.  Stein and Shurson (2009) 
explained that the large amounts of linoleic acid in DDGS containing diets contribute to the 
increase in iodine value of pork fat.  For this reason, only the effects on iodine value, linoleic 
acid concentration, and total mono-unsaturated, poly-unsaturated, and saturated fatty acid 
concentrations will be discussed in this section. 
In the present study, concentrations of poly-unsaturated fatty acids and linoleic acid 
increased linearly and concentrations of total mono-unsaturated and saturated fatty acids 
decreased (P ≤ 0.001) in all fat depots with increasing DDGS inclusion level (Tables 17 to 22).  
In addition, iodine value, measured using both NIR and GC on Subsamples 1 and 2, increased (P 
≤ 0.001) as DDGS inclusion level increased in all fat depots [belly fat, jowl fat, and backfat 
(from the 3
rd
 thoracic vertebrae and clear plate)] (Tables 16-22).  The results from the present 
study are in agreement with most published studies that have reported an increase in fat iodine 
value with increasing levels of DDGS (Whitney et al., 2006; Benz et al., 2010; Leick et al., 2010; 
McClelland et al., 2010; Xu et al., 2010a; Xu et al., 2010b; Cromwell et al., 2011; Salyer et al., 
2012; Hilbrands et al., 2013; Ying et al., 2013).  However, one study reported no effect of 
feeding up to 20% DDGS inclusion level on fat iodine value (Widmer et al., 2008). 
In the present study, there was no effect (P ˃ 0.05) of pig removal strategy on the 
concentrations of linoleic acid or total mono-unsaturated, poly-unsaturated, or saturated fatty 
acids for the backfat sample from the 3
rd
 thoracic vertebrae and jowl fat in Subsample 1 (Tables 
17 and 19, respectively) and for all fat depots in Subsample 2 (belly fat, backfat from 3
rd
 thoracic 
vertebrae, and jowl fat) (Tables 20 to 22, respectively).  However, for the backfat sample from 
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the clear plate in Subsample 1, the concentration of mono-unsaturated fatty acids was lower (P ≤ 
0.001) and poly-unsaturated fatty acids and linoleic acid were higher (P ≤ 0.05) for pens of pigs 
taken off test and sent for harvest in one group compared to 6 groups over time (Table 18).  
However, there was no effect (P ˃ 0.05) of pig removal strategy on iodine values for pigs used 
for NIR and Subsample 1 (Tables 16-19) and for the 3
rd
 thoracic vertebrae in Subsample 2 (Table 
21).  There were some effects of pig removal strategy on iodine value of belly fat and jowl fat in 
Subsample 2 (Tables 20 and 22, respectively), but the effects were small. 
Effect of Sex.  The effects of sex on iodine value measured using gas chromatography 
(GC) in Subsamples 1 and 2 are presented in Tables 17 to 22.  For the backfat sample from the 
3
rd
 thoracic vertebrae in Subsample 1, barrows had a lower (P ≤ 0.01) concentration of poly-
unsaturated fatty acids and linoleic acid and a higher (P ≤ 0.05) amount of mono-unsaturated 
fatty acids compared to gilts (Table 17).  There was no effect of sex (P ˃ 0.05) on fatty acid 
composition of the backfat sample from the clear plate or jowl fat in Subsample 1 (Tables 18 and 
19, respectively) and generally no effect for all 3 fat depots in Subsample 2 (belly fat, backfat 
from 3
rd
 thoracic vertebrae, and jowl fat) (Tables 20 and 22, respectively).  There was a sex 
effect (P ≤ 0.05) on iodine value of the backfat sample from the 3rd thoracic vertebrae from 
Subsample 1 (Table 17) and the jowl from Subsample 2 (Table 22) with gilts having a higher 
iodine value than barrows.  However, the difference between the sexes was small, and there was 
no effect of sex on iodine value of the backfat sample from the clear plate or the jowl for 
Subsample 1 (Tables 18 and 19, respectively) and of the belly fat and backfat from the 3
rd
 
thoracic vertebrae in Subsample 2 (Tables 20 and 21, respectively).  Thus, the results of this 
study suggest minimal differences between barrows and gilts for fatty acid profile and iodine 
value which is in general agreement with other studies (e.g., Xu et al., 2010a). 
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CONCLUSIONS 
 The results of this study, which evaluated the effect of increasing dietary DDGS inclusion 
levels to up to 60%, suggested that increasing levels of DDGS in the diet were associated with 
reductions in growth rate, feed intake, carcass yield, Longissimus muscle depth, and backfat 
thickness, but had no effect on feed efficiency.  Increasing levels of DDGS in the diet were also 
associated with increases in iodine value for all 4 fat depots that were evaluated.  In addition, 
taking pigs off test and sending to harvest in one group compared to 6 groups was associated 
with reductions in growth rate, feed efficiency, and backfat thickness, and increases in carcass 
yield, but had no effect on feed intake.  Iodine value generally was not affected by pig removal 
strategy or sex.   
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TABLES 
 
Table 5. Analyzed composition of the Distillers Dried Grains with Solubles (DDGS), 
Corn and Soybean-meal (SBM) used to formulate the experimental diets. 
Item DDGS
1
 Corn SBM
2
 
Proximate analysis, % as-fed basis
3
 
 
     Dry matter 90.17 88.59 88.85 
   Crude protein 27.77 8.01 48.19 
   Crude fat 8.78 3.32 1.33 
   Crude fiber 6.11 2.06 3.65 
   Acid detergent fiber 12.30 3.25 5.43 
   Neutral detergent fiber 27.14 8.20 8.33 
   Phosphorus 0.88 0.31 0.71 
   Calcium 0.02 - 0.48 
   Sodium 0.21 - - 
   Ash 4.16 1.28 6.10 
   Chloride 0.16 - - 
Amino acid analysis (total), % as-fed basis
4,5
  
   Lysine 0.85 - 2.85 
   Threonine 0.99 - 1.81 
   Methionine 0.55 - 0.63 
   Cystine 0.50 - 0.68 
   Methionine + Cystine 1.05 - - 
   Arginine 1.26 - 3.25 
   Isoleucine 1.01 - 2.18 
   Leucine 2.94 - 3.48 
   Valine 1.30 - 2.18 
   Histidine 0.70 - 1.20 
   Alanine 1.88 - 1.98 
   Glutamic acid 4.41 - 8.08 
   Glycine 1.06 - 1.91 
   Aspartic acid 1.73 - 5.13 
   Phenylalanine 1.29 - 2.35 
   Proline 2.12 - 2.32 
   Serine 1.29 - 2.33 
   Tyrosine 0.82 - 1.24 
   Tryptophan 0.23 - 0.62 
1
DDGS origin: Big River Resources, LLC, Burlington, IA. 
2
SBM origin: ADM, Quincy, IL. 
3
Proximate analysis was performed at Midwest Laboratories, Omaha, NE. 
4
Amino acid analysis was performed using High-Performance Liquid Chromatography 
(HPLC).  
5
Amino acid analysis for Corn was not recorded. 
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Table 6. Diet formulation and calculated and analyzed composition (Grow-Finish 2).1 
 
DDGS inclusion level, % 
Itema 0 20 40 60 
Ingredient, %         
   Corn 60.15 47.32 34.11 21.28 
   Soybean meal 37.26 29.22 20.93 12.88 
   DDGS 0.00 19.80 40.20 60.00 
   Limestone 0.99 1.15 1.31 1.47 
   Salt 0.51 0.40 0.30 0.20 
   Surface 0.50 0.50 0.50 0.50 
   Mono-cal 21% P 0.40 0.27 0.13 0.00 
   Alimet 0.03 0.02 0.01 0.00 
   Fat (Yellow grease) 0.00 0.98 1.99 2.98 
   Lysine - Dry 0.00 0.18 0.37 0.56 
   Trace minerals 0.10 0.10 0.10 0.10 
   Vitamins w/Microsource 0.03 0.03 0.03 0.03 
   Optiphos PF 1000 0.03 0.02 0.01 0.00 
Total  100 100 100 100 
         Composition Calculated Analyzedb,c Calculated Analyzedb,c Calculated Analyzedb,c Calculated Analyzedb,c 
   ME, Kcal/kg 3247.38 - 3247.38 - 3247.38 - 3247.38 - 
   Crude protein, % 22.09 23.40 22.68 24.10 23.28 24.20 23.87 24.80 
   Crude fat, % 2.29 2.90 4.31 6.11 6.38 7.70 8.40 8.83 
   Crude fiber, % 2.19 0.92 3.03 1.58 3.90 1.77 4.74 2.35 
   Neutral detergent fiber, %d 6.95 6.70 11.21 12.30 15.60 14.70 19.86 19.40 
   Acid detergent fiber, %d 3.30 3.80 4.83 4.90 6.41 5.80 7.94 6.60 
   Calcium, % 0.65 0.70 0.65 0.74 0.65 0.84 0.66 0.75 
   Phosphorus, % 0.50 0.59 0.55 0.66 0.60 0.69 0.66 0.69 
   Available phosphorus, % 0.28 - 0.32 - 0.36 - 0.39 - 
   Calcium:Phosphorus ratio 1.30 1.19 1.20 1.12 1.10 1.22 1.00 1.09 
   Sodium, % 0.22 0.21 0.21 0.21 0.21 0.21 0.20 0.21 
   Salt, % 0.58 0.54 0.50 0.53 0.42 0.53 0.34 0.54 
   Total lysine, % 1.23 1.42 1.27 1.44 1.31 1.47 1.35 1.48 
   Digestible lysine, % 1.08 - 1.08 - 1.08 - 1.08 - 
   Digestible lysine:ME ratio 3.34 - 3.34 - 3.34 - 3.34 - 
   Met + Cys:Lysine ratio (Dig.) 0.57 - 0.58 - 0.59 - 0.60 - 
   Tryptophan:Lysine ratio (Dig.) 0.23 - 0.21 - 0.18 - 0.16 - 
   Threonine:Lysine ratio (Dig.) 0.66 - 0.64 - 0.62 - 0.60 - 
   Isoleucine:Lysine ratio (Dig.) 0.76 - 0.73 - 0.69 - 0.66 - 
   Valine:Lysine ratio (Dig.) 0.81 - 0.81 - 0.81 - 0.81 - 
   Total Cysteine, % 0.35 0.27 0.37 0.31 0.39 0.35 0.40 0.38 
   Total Isoleucine, % 0.94 0.93 0.92 0.96 0.90 1.01 0.89 1.04 
   Total Leucine, % 1.78 1.86 1.94 1.94 2.09 2.21 2.25 2.45 
   Total Methionine, % 0.35 0.25 0.37 0.28 0.39 0.34 0.41 0.40 
   Total Methionine + Cysteine, % 0.71 0.52 0.74 0.59 0.78 0.69 0.82 0.78 
   Total Threonine, % 0.84 0.91 0.85 0.94 0.86 0.96 0.87 0.96 
   Total Tryptophan, % 0.28 0.23 0.26 0.25 0.24 0.25 0.22 0.24 
   Total Valine, % 1.02 0.98 1.05 1.02 1.09 1.11 1.12 1.18 
1Amount of Grow-Finish 2 fed = 45.4 kg/pig. 
aDiet manufactured at the TM Griggsville Mill. 
bValues for amino acids were analyzed using near infrared spectroscopy. 
cValues for proximate components were analyzed using wet chemistry. 
dADF and NDF values were analyzed using the Ankom filter bag method. 
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Table 7. Diet formulation and calculated and analyzed composition (Grow-Finish 3).1 
 
DDGS inclusion level, % 
Itema 0 20 40 60 
Ingredient, %         
   Corn 69.76 55.86 41.53 27.62 
   Soybean meal 27.85 20.79 13.51 6.45 
   DDGS 0.00 19.80 40.20 60.00 
   Limestone 0.94 1.11 1.30 1.48 
   Salt 0.51 0.40 0.30 0.20 
   Surface 0.50 0.50 0.50 0.50 
   Mono-cal 21% P 0.27 0.18 0.09 0.00 
   Alimet 0.00 0.00 0.00 0.00 
   Fat (Yellow grease) 0.00 1.03 2.10 3.13 
   Lysine - Dry 0.04 0.20 0.35 0.51 
   Trace minerals 0.09 0.09 0.09 0.09 
   Vitamins w/Microsource 0.03 0.03 0.03 0.03 
   Optiphos PF 1000 0.03 0.02 0.01 0.00 
Total  100 100 100 100 
         Composition Calculated Analyzedb,c Calculated Analyzedb,c Calculated Analyzedb,c Calculated Analyzedb,c 
   ME, Kcal/kg 3253.99 - 3253.99 - 3253.99 - 3253.99 - 
   Crude protein, % 18.29 19.00 19.24 20.40 20.23 21.30 21.18 23.10 
   Crude fat, % 2.52 3.28 4.56 6.14 6.66 6.98 8.70 8.87 
   Crude fiber, % 2.04 0.92 2.89 1.15 3.78 1.10 4.63 3.12 
   Neutral detergent fiber, %d 7.00 6.80 11.25 12.20 15.63 12.40 19.88 16.40 
   Acid detergent fiber, %d 3.12 3.20 4.67 4.70 6.26 4.80 7.81 6.30 
   Calcium, % 0.56 0.65 0.58 0.66 0.61 0.72 0.63 0.82 
   Phosphorus, % 0.43 0.47 0.50 0.60 0.56 0.66 0.63 0.73 
   Available phosphorus, % 0.24 - 0.29 - 0.34 - 0.39 - 
   Calcium:Phosphorus ratio 1.30 1.38 1.20 1.10 1.10 1.09 1.00 1.12 
   Sodium, % 0.22 0.20 0.21 0.24 0.21 0.25 0.20 0.26 
   Salt, % 0.58 0.61 0.50 0.53 0.42 0.58 0.34 0.56 
   Total lysine, % 1.01 1.21 1.05 1.30 1.10 1.28 1.14 1.36 
   Digestible lysine, % 0.88 - 0.88 - 0.88 - 0.88 - 
   Digestible lysine:ME ratio 2.72 - 2.72 - 2.72 - 2.72 - 
   Met + Cys:Lysine ratio (Dig.) 0.57 - 0.60 - 0.64 - 0.67 - 
   Tryptophan:Lysine ratio (Dig.) 0.22 - 0.20 - 0.18 - 0.16 - 
   Threonine:Lysine ratio (Dig.) 0.65 - 0.64 - 0.64 - 0.63 - 
   Isoleucine:Lysine ratio (Dig.) 0.75 - 0.73 - 0.70 - 0.68 - 
   Valine:Lysine ratio (Dig.) 0.82 - 0.84 - 0.85 - 0.87 - 
   Total Cysteine, % 0.30 0.25 0.33 0.29 0.35 0.31 0.37 0.35 
   Total Isoleucine, % 0.76 0.82 0.76 0.89 0.76 0.88 0.77 0.92 
   Total Leucine, % 1.52 1.69 1.70 1.91 1.90 1.99 2.08 2.20 
   Total Methionine, % 0.27 0.21 0.31 0.28 0.34 0.32 0.38 0.38 
   Total Methionine + Cysteine, % 0.58 0.46 0.64 0.57 0.70 0.63 0.75 0.73 
   Total Threonine, % 0.69 0.79 0.72 0.84 0.74 0.83 0.77 0.86 
   Total Tryptophan, % 0.23 0.19 0.21 0.21 0.20 0.20 0.19 0.21 
   Total Valine, % 0.84 0.85 0.89 0.95 0.94 0.98 1.00 1.08 
1Amount of Grow-Finish 3 fed = 52.2 kg/pig. 
aDiet manufactured at the TM Griggsville Mill. 
bValues for amino acids were analyzed using near infrared spectroscopy. 
cValues for proximate components were analyzed using wet chemistry. 
dADF and NDF values were analyzed using the Ankom filter bag method. 
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Table 8. Diet formulation and calculated and analyzed composition (Grow-Finish 4).1 
 
DDGS inclusion level, % 
Itema 0 20 40 60 
Ingredient, %         
   Corn 77.75 61.69 45.14 29.08 
   Soybean meal 20.02 15.04 9.91 4.94 
   DDGS 0.00 19.80 40.20 60.00 
   Limestone 0.88 1.08 1.28 1.48 
   Salt 0.51 0.40 0.30 0.20 
   Surface 0.50 0.50 0.50 0.50 
   Mono-cal 21% P 0.12 0.08 0.04 0.00 
   Alimet 0.00 0.00 0.00 0.00 
   Fat (Yellow grease) 0.00 1.10 2.23 3.33 
   Lysine - Dry 0.10 0.19 0.28 0.37 
   Trace minerals 0.08 0.08 0.08 0.08 
   Vitamins w/Microsource 0.03 0.03 0.03 0.03 
   Optiphos PF 1000 0.03 0.02 0.01 0.00 
Total  100 100 100 100 
         Composition Calculated Analyzedb,c Calculated Analyzedb,c Calculated Analyzedb,c Calculated Analyzedb,c 
   ME, Kcal/kg 3262.81 - 3262.81 - 3262.81 - 3262.81 - 
   Crude protein, % 15.16 16.50 16.90 17.60 18.70 20.00 20.44 21.10 
   Crude fat, % 2.72 3.25 4.77 4.98 6.88 9.26 8.93 7.80 
   Crude fiber, % 1.92 0.36 2.81 1.49 3.72 2.03 4.61 1.97 
   Neutral detergent fiber, %d 7.04 6.90 11.28 11.00 15.64 11.40 19.88 17.90 
   Acid detergent fiber, %d 2.98 2.20 4.56 3.70 6.20 4.90 7.78 6.60 
   Calcium, % 0.48 0.58 0.53 0.60 0.58 0.55 0.62 0.63 
   Phosphorus, % 0.37 0.41 0.45 0.50 0.54 0.61 0.62 0.66 
   Available phosphorus, % 0.20 - 0.26 - 0.32 - 0.38 - 
   Calcium:Phosphorus ratio 1.30 1.41 1.20 1.20 1.10 0.90 1.00 0.95 
   Sodium, % 0.22 0.22 0.21 0.25 0.21 0.24 0.20 0.27 
   Salt, % 0.58 0.54 0.50 0.58 0.42 0.54 0.34 0.64 
   Total lysine, % 0.85 1.04 0.89 1.09 0.94 1.17 0.99 1.19 
   Digestible lysine, % 0.74 - 0.74 - 0.74 - 0.74 - 
   Digestible lysine:ME ratio 2.27 - 2.27 - 2.27 - 2.27 - 
   Met + Cys:Lysine ratio (Dig.) 0.58 - 0.65 - 0.72 - 0.79 - 
   Tryptophan:Lysine ratio (Dig.) 0.21 - 0.20 - 0.19 - 0.18 - 
   Threonine:Lysine ratio (Dig.) 0.63 - 0.66 - 0.69 - 0.72 - 
   Isoleucine:Lysine ratio (Dig.) 0.71 - 0.73 - 0.76 - 0.78 - 
   Valine:Lysine ratio (Dig.) 0.80 - 0.87 - 0.93 - 1.00 - 
   Total Cysteine, % 0.26 0.22 0.30 0.26 0.33 0.30 0.36 0.34 
   Total Isoleucine, % 0.61 0.67 0.65 0.74 0.69 0.83 0.74 0.88 
   Total Leucine, % 1.31 1.48 1.55 1.71 1.79 1.95 2.03 2.18 
   Total Methionine, % 0.23 0.19 0.28 0.23 0.33 0.29 0.37 0.34 
   Total Methionine + Cysteine, % 0.51 0.41 0.58 0.49 0.66 0.59 0.74 0.68 
   Total Threonine, % 0.57 0.68 0.62 0.71 0.68 0.76 0.74 0.77 
   Total Tryptophan, % 0.18 0.16 0.18 0.17 0.18 0.19 0.18 0.19 
   Total Valine, % 0.70 0.73 0.79 0.82 0.88 0.93 0.97 1.01 
1Amount of Grow-Finish 4 fed = 63.5 kg/pig. 
aDiet manufactured at the TM Griggsville Mill. 
bValues for amino acids were analyzed using near infrared spectroscopy. 
cValues for proximate components were analyzed using wet chemistry. 
dADF and NDF values were analyzed using the Ankom filter bag method. 
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Table 9. Diet formulation and calculated and analyzed composition (Grow-Finish 5).1 
 
DDGS inclusion level, % 
Itema 0 20 40 60 
Ingredient, %         
   Corn 81.23 64.96 48.19 31.92 
   Soybean meal 16.62 11.82 6.87 2.07 
   DDGS 0.00 19.80 40.20 60.00 
   Limestone 0.86 1.06 1.27 1.48 
   Salt 0.51 0.40 0.30 0.20 
   Surface 0.50 0.50 0.50 0.50 
   Mono-cal 21% P 0.07 0.04 0.02 0.00 
   Alimet 0.00 0.00 0.00 0.00 
   Fat (Yellow grease) 0.00 1.12 2.27 3.39 
   Lysine - Dry 0.10 0.18 0.27 0.35 
   Trace minerals 0.08 0.08 0.08 0.08 
   Vitamins w/Microsource 0.03 0.03 0.03 0.03 
   Optiphos PF 1000 0.02 0.02 0.01 0.00 
Total  100 100 100 100 
         Composition Calculated Analyzedb,c Calculated Analyzedb,c Calculated Analyzedb,c Calculated Analyzedb,c 
   ME, Kcal/kg 3265.01 - 3265.01 - 3265.01 - 3265.01 - 
   Crude protein, % 13.77 15.50 15.58 16.40 17.43 18.50 19.24 20.90 
   Crude fat, % 2.80 3.07 4.87 5.17 6.99 6.92 9.06 9.46 
   Crude fiber, % 1.86 1.16 2.75 1.03 3.67 0.83 4.56 2.13 
   Neutral detergent fiber, %d 7.06 5.40 11.29 8.80 15.66 12.30 19.89 16.60 
   Acid detergent fiber, %d 2.91 2.70 4.50 5.40 6.14 4.30 7.73 8.30 
   Calcium, % 0.45 0.55 0.50 0.55 0.56 0.65 0.61 0.65 
   Phosphorus, % 0.35 0.39 0.43 0.48 0.52 0.58 0.61 0.70 
   Available phosphorus, % 0.18 - 0.25 - 0.31 - 0.38 - 
   Calcium:Phosphorus ratio 1.30 1.41 1.20 1.15 1.10 1.12 1.00 0.93 
   Sodium, % 0.22 0.27 0.21 0.28 0.21 0.25 0.20 0.25 
   Salt, % 0.58 0.66 0.50 0.63 0.42 0.54 0.34 0.51 
   Total lysine, % 0.75 0.97 0.80 0.98 0.85 1.10 0.90 1.20 
   Digestible lysine, % 0.65 - 0.65 - 0.65 - 0.65 - 
   Digestible lysine:ME ratio 2.00 - 2.00 - 2.00 - 2.00 - 
   Met + Cys:Lysine ratio (Dig.) 0.61 - 0.69 - 0.77 - 0.85 - 
   Tryptophan:Lysine ratio (Dig.) 0.21 - 0.20 - 0.19 - 0.18 - 
   Threonine:Lysine ratio (Dig.) 0.64 - 0.68 - 0.72 - 0.76 - 
   Isoleucine:Lysine ratio (Dig.) 0.72 - 0.75 - 0.77 - 0.80 - 
   Valine:Lysine ratio (Dig.) 0.82 - 0.90 - 0.98 - 1.06 - 
   Total Cysteine, % 0.24 0.20 0.28 0.24 0.31 0.28 0.35 0.33 
   Total Isoleucine, % 0.54 0.62 0.59 0.64 0.64 0.76 0.68 0.88 
   Total Leucine, % 1.22 1.39 1.46 1.54 1.72 1.89 1.96 2.22 
   Total Methionine, % 0.22 0.18 0.26 0.22 0.31 0.26 0.36 0.35 
   Total Methionine + Cysteine, % 0.47 0.38 0.55 0.46 0.63 0.54 0.71 0.68 
   Total Threonine, % 0.51 0.63 0.57 0.63 0.63 0.70 0.69 0.78 
   Total Tryptophan, % 0.16 0.14 0.16 0.15 0.16 0.17 0.16 0.19 
   Total Valine, % 0.63 0.67 0.73 0.75 0.82 0.86 0.91 1.00 
1Amount of Grow-Finish 5 fed = 56.7 kg/pig. 
aDiet manufactured at the TM Griggsville Mill. 
bValues for amino acids were analyzed using near infrared spectroscopy. 
cValues for proximate components were analyzed using wet chemistry. 
dADF and NDF values were analyzed using the Ankom filter bag method. 
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Table 10. Diet formulation and calculated and analyzed composition (Grow-Finish 6).1 
 
DDGS inclusion level, % 
Itema 0 20 40 60 
Ingredient, %         
   Corn 82.65 66.27 49.39 33.01 
   Soybean meal 15.16 10.49 5.67 1.00 
   DDGS 0.00 19.80 40.20 60.00 
   Limestone 0.86 1.06 1.27 1.48 
   Salt 0.51 0.40 0.30 0.20 
   Surface 0.50 0.50 0.50 0.50 
   Mono-cal 21% P 0.09 0.06 0.03 0.00 
   Alimet 0.00 0.00 0.00 0.00 
   Fat (Yellow grease) 0.00 1.11 2.26 3.38 
   Lysine - Dry 0.10 0.18 0.26 0.34 
   Trace minerals 0.08 0.08 0.08 0.08 
   Vitamins w/Microsource 0.03 0.03 0.03 0.03 
   Optiphos PF 1000 0.02 0.02 0.01 0.00 
Total  100 100 100 100 
         Composition Calculated Analyzedb,c Calculated Analyzedb,c Calculated Analyzedb,c Calculated Analyzedb,c 
   ME, Kcal/kg 3265.01 - 3265.01 - 3265.01 - 3265.01 - 
   Crude protein, % 13.18 14.00 15.03 15.60 16.95 18.00 18.80 20.70 
   Crude fat, % 2.84 2.97 4.90 3.87 7.01 6.64 9.07 9.58 
   Crude fiber, % 1.84 0.32 2.73 2.56 3.65 3.14 4.54 2.89 
   Neutral detergent fiber, %d 7.06 6.40 11.30 7.40 15.66 11.70 19.90 16.50 
   Acid detergent fiber, %d 2.88 2.50 4.47 2.80 6.12 3.40 7.71 6.10 
   Calcium, % 0.45 0.51 0.50 0.49 0.55 0.60 0.61 0.73 
   Phosphorus, % 0.35 0.39 0.43 0.41 0.52 0.54 0.61 0.69 
   Available phosphorus, % 0.18 - 0.25 - 0.31 - 0.38 - 
   Calcium:Phosphorus ratio 1.30 1.31 1.20 1.20 1.10 1.11 1.00 1.06 
   Sodium, % 0.22 0.20 0.21 0.21 0.21 0.24 0.20 0.25 
   Salt, % 0.58 0.56 0.50 0.53 0.42 0.56 0.34 0.48 
   Total lysine, % 0.72 0.95 0.76 0.91 0.81 1.06 0.86 1.14 
   Digestible lysine, % 0.62 - 0.62 - 0.62 - 0.62 - 
   Digestible lysine:ME ratio 1.90 - 1.90 - 1.90 - 1.90 - 
   Met + Cys:Lysine ratio (Dig.) 0.63 - 0.71 - 0.80 - 0.88 - 
   Tryptophan:Lysine ratio (Dig.) 0.21 - 0.20 - 0.19 - 0.18 - 
   Threonine:Lysine ratio (Dig.) 0.64 - 0.68 - 0.73 - 0.77 - 
   Isoleucine:Lysine ratio (Dig.) 0.71 - 0.75 - 0.78 - 0.82 - 
   Valine:Lysine ratio (Dig.) 0.82 - 0.91 - 1.00 - 1.09 - 
   Total Cysteine, % 0.24 0.20 0.27 0.21 0.31 0.28 0.34 0.34 
   Total Isoleucine, % 0.51 0.60 0.56 0.61 0.61 0.77 0.66 0.86 
   Total Leucine, % 1.18 1.39 1.43 1.41 1.68 1.90 1.93 2.17 
   Total Methionine, % 0.21 0.15 0.26 0.17 0.31 0.26 0.35 0.36 
   Total Methionine + Cysteine, % 0.46 0.35 0.54 0.38 0.62 0.54 0.70 0.70 
   Total Threonine, % 0.49 0.60 0.55 0.59 0.61 0.69 0.68 0.75 
   Total Tryptophan, % 0.15 0.13 0.15 0.14 0.15 0.17 0.15 0.19 
   Total Valine, % 0.61 0.66 0.70 0.67 0.80 0.86 0.89 1.00 
1Amount of Grow-Finish 6 fed = 63.5 kg/pig. 
aDiet manufactured at the TM Griggsville Mill. 
bValues for amino acids were analyzed using near infrared spectroscopy. 
cValues for proximate components were analyzed using wet chemistry. 
dADF and NDF values were analyzed using the Ankom filter bag method. 
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Table 11. Fatty acid profile of the dietary fat for grow-finish phases 2 to 6.  
 
Grow-Finish 21 
 
Grow-Finish 32 
 
Grow-Finish 43 
 
Grow-Finish 54 
 
Grow-Finish 65 
 
DDGS inclusion level, % 
 
DDGS inclusion level, % 
 
DDGS inclusion level, % 
 
DDGS inclusion level, % 
 
DDGS inclusion level, % 
Item 0 20 40 60  0 20 40 60  0 20 40 60  0 20 40 60  0 20 40 60 
Fatty acid, % 
                           Capric acid (C10:0) 0.33 0.27 0.26 0.20 
 
0.49 0.29 0.22 0.20 
 
0.53 0.26 0.26 0.22 
 
0.45 0.40 0.24 0.21 
 
0.46 0.44 0.19 0.19 
   Lauric acid (C12:0) 0.06 0.36 0.40 0.42 
 
0.00 0.07 0.09 0.10 
 
0.00 0.04 0.04 0.05 
 
0.00 0.32 0.34 0.37 
 
0.00 0.04 0.13 0.11 
   Myristic acid (C14:0) 0.13 0.45 0.48 0.53 
 
0.09 0.36 0.43 0.48 
 
0.08 0.54 0.47 0.60 
 
0.06 0.71 0.65 0.73 
 
0.07 0.15 0.43 0.47 
   Myristoleic acid (C14:1) 0.00 0.03 0.03 0.04 
 
0.00 0.04 0.06 0.06 
 
0.02 0.08 0.08 0.10 
 
0.00 0.07 0.07 0.07 
 
0.00 0.01 0.04 0.05 
   Pentadecanoic acid (C15:0) 0.02 0.05 0.04 0.05 
 
0.03 0.05 0.06 0.06 
 
0.03 0.08 0.07 0.08 
 
0.01 0.08 0.07 0.08 
 
0.03 0.03 0.05 0.06 
   Palmitic acid (C16:0) 13.9
8 
15.6
7 
15.7
2 
16.0
6  
13.8
5 
15.6
2 
16.1
0 
16.3
4  
13.0
5 
16.1
2 
15.9
4 
16.3
7  
13.3
1 
16.9
6 
16.3
9 
16.8
1  
13.5
3 
14.0
3 
15.6
0 
16.0
9    Palmitoleic acid (C16:1 
isomers) 
0.25 0.55 0.56 0. 2 
 
0.23 0.58 0.65 0.72 
 
0.26 0.84 0.77 0.96 
 
0.20 0.71 0.70 0.78 
 
0.23 0. 2 0.59 0.65 
   Margaric acid (C17:0) 0.10 0.15 0.15 0.17 
 
0.09 0.16 0.18 0.18 
 
0.09 0.22 0.20 0.23 
 
0.08 0.21 0.20 0.21 
 
0.09 0.11 0.17 0.18 
   10-Heptadecenoic acid 
(C17:1(n7)) 
0.06 0.09 0.10 0.10 
 
0.05 0.11 0.11 0.13 
 
0.05 0.15 0.14 0.16 
 
0.05 0.12 0.11 0.13 
 
0.05 0.05 0.10 0.12 
   Stearic acid (C18:0) 3.01 4.08 4.16 4.41 
 
2.57 3.90 4.25 4.39 
 
2.63 4.95 4.38 4.82 
 
2.29 5.08 4.39 4.79 
 
2.28 2.70 3.98 4.32 
   Oleic acid (C18:1 isomers) 24.2
6 
27.1
1 
27.4
0 
28.0
4  
25.1
6 
27.3
9 
27.9
8 
28.4
9  
25.8
3 
29.4
2 
28.9
8 
30.1
0  
25.8
8 
28.7
3 
28.7
5 
29.4
9  
25.2
1 
25.9
9 
28.3
2 
28.7
9    Linoleic acid (C18:2(n6)) 53.3
2 
48.1
0 
47.6
3 
46.4
8  
53.7
7 
48.3
3 
46.9
9 
46.1
8  
5 .9
4 
44.5
7 
46.0
3 
43.8
1  
54.3
4 
4 .9
4 
4 .5
1 
43.9
1  
54.7
6 
53.0
4 
47.6
5 
46.2
9    α Linoleic acid (C18:3(n3)) 3.03 1.90 1.86 1.72 
 
2.54 1.88 1.74 1.56 
 
2.19 1.60 1.51 1.33 
 
2.14 1.52 1.40 1.27 
 
2.07 1.85 1. 6 1.56 
   Arachidic acid (C20:0) 0.39 0.35 0.35 0.31 
 
0.41 0.32 0.31 0.30 
 
0.43 0.31 0.34 0.31 
 
0.39 0.34 0.37 0.31 
 
0.38 0.40 0.37 0.31 
   Gondoic acid (C20:1 
isomers) 
0.31 0.36 0.36 0.38 
 
0.28 0.39 0.38 0.37 
 
0.39 0.36 0.39 0.42 
 
0.34 0.37 0.37 0.41 
 
0.38 0.37 0.34 0.37 
   Eicosadienoic acid 
(C20:2(n6)) 
0.06 0.09 0.09 0.10 
 
0.00 0.08 0.09 0.09 
 
0.06 0.08 0.08 0.09 
 
0.04 0.08 0.07 0.09 
 
0.05 0.07 0.07 0.09 
   Dihomo-γ-linolenic acid 
(C20:3(n6)) 
0.00 0.00 0.00 0.00 
 
0.00 0.00 0.00 0.00 
 
0.00 0.00 0.00 0.00 
 
0.00 0.00 0.00 0.00 
 
0.00 0.00 0.00 0.00 
   Arachidonic acid (C20:4(n6)) 0.00 0.05 0.06 0.06 
 
0.00 0.05 0.06 0.04 
 
0.00 0.07 0.04 0.06 
 
0.00 0.05 0.04 0.05 
 
0.00 0.00 0.05 0.04 
   Eicosatrienoic acid 
(C203(n3)) 
0.00 0.00 0.00 0.00 
 
0.00 0.00 0.00 0.00 
 
0.00 0.00 0.00 0.00 
 
0.00 0.00 0.00 0.00 
 
0.00 0.00 0.00 0.00 
   Behe ic acid (C22:0) 0.26 0.17 0.17 0.16 
 
0.22 0.17 0.16 0.15 
 
0.20 0.15 0.15 0.14 
 
0.19 0.16 0.15 0.14 
 
0.19 0.19 0.16 0.15 
   Erucic acid (C22:1(n9)) 0.00 0.00 0.00 0.00 
 
0.00 0.00 0.00 0.00 
 
0.00 0.00 0.00 0.00 
 
0.00 0.00 0.00 0.00 
 
0.00 0.00 0.00 0.00 
   Homo-γ-linolenic acid 
(C22:4(n6)) 
0.00 0.00 0.00 0.00 
 
0.00 0.00 0.00 0.00 
 
0.00 0.00 0.00 0.00 
 
0.00 0.00 0.00 0.00 
 
0.00 0.00 0.00 0.00 
   Lignoceric acid (C24:0) 0.20 0.16 0.16 0.16 
 
0.22 0.18 0.15 0.16 
 
0.22 0.16 0.14 0.15 
 
0.22 0.16 0.17 0.16 
 
0.22 0.21 0.17 0.16 
   Total fatty acid, % 100.
00 
100.
00 
100.
00 
100.
00  
100.
00 
100.
00 
100.
00 
100.
00  
100.
00 
100.
00 
100.
00 
100.
00  
100.
00 
100.
00 
100.
00 
100.
00  
100.
00 
100.
00 
100.
00 
100.
00    Mono-unsaturated fatty acid6 24.8
9 
28.1
5 
28.4
6 
29.1
8  
25.7
2 
28.5
1 
29.1
8 
29.7
6  
26.5
5 
3 .8
5 
3 .3
7 
31.7
3  
26.4
7 
29.9
9 
3 .0
0 
3 .8
7  
25.8
7 
26.7
5 
29.4
0 
29.9
7    Poly-unsaturated fatty acid7 56.4
1 
50.1
4 
49.6
4 
4 .3
6  
56.3
2 
50.3
5 
4 .8
8 
47.8
8  
56.1
9 
46.3
2 
4 .6
6 
45.2
9  
56.5
2 
45.6
0 
47.0
3 
45.3
2  
56.8
9 
54.9
6 
49.3
4 
4 .9
8    
Monounsaturated:Polyunsatura
ted ratio 
0.44 0.56 0.57 0. 0 
 
0.46 0. 7 0.60 0.62 
 
0.47 0.67 0. 4 0.70 
 
0.47 0.66 0.64 0.68 
 
0.45 0.49 0.60 0.62 
   Saturated fatty acid8 18.3
0 
21.7
1 
21.9
0 
22.4
6  
17.9
6 
21.1
5 
21.9
4 
22.3
6  
17.2
6 
22.8
3 
21.9
7 
22.9
8  
17.0
1 
24.4
1 
22.9
7 
23.8
1  
17.2
5 
18.2
9 
21.2
5 
22.0
4    Saturated:Unsaturated ratio 0.23 0.28 0.28 0.29 
 
0.22 0.27 0.28 0.29 
 
0.21 0. 0 0.28 0.30 
 
0.20 0.32 0.30 0.31 
 
0.21 0.22 0.27 0.28 
Iodine value, g/kg 
    
 
    
 
    
 
    
 
    
   AOCS equation9 121.
62 
112.
40 
111.
75 
110.
00  
121.
86 
113.
04 
110.
93 
109.
55  
121.
93 
107.
76 
109.
64 
106.
47  
122.
43 
105.
75 
108.
17 
105.
78  
122.
47 
119.
65 
111.
80 
109.
92    Total unsaturated fatty acid 
equation10 
121.
78 
112.
82 
112.
20 
11 .
47 
 121.
91 
113.
48 
111.
41 
110.
01 
 122.
08 
108.
32 
110.
12 
10 .
06 
 122.
54 
106.
22 
108.
59 
106.
28 
 122.
60 
119.
82 
112.
24 
110.
35 1Amount of Grow-Finish 2 fed = 45.4 kg/pig. 
2Amount of Grow-Finish 3 fed = 52.2 kg/pig. 
3Amount of Grow-Finish 4 fed = 63.5 kg/pig. 
4Amount of Grow-Finish 5 fed = 56.7 kg/pig. 
5Amount of Grow-Finish 6 fed = 63.5 kg/pig. 
6Mono-unsaturated fatty acid = 14:1 + 16:1isomers + 17:1 + 18:1isomers + 20:1isomers + 22:1(n9). 
7Poly-unsaturated fatty acid = 18:2(n6) + 18:3(n3) + 20:2(n6) + 20:3(n6) + 20:4(n6) + 20:3(n3) + 22:4(n6). 
8Saturated fatty acid = 10:0 + 12:0 + 14:0 + 15:0 + 16:0 + 17:0 + 18:0 + 20:0 + 22:0 + 24:0. 
9AOCS equation (1998): IV = 16:1(0.95) + 18:1(0.86) + 18:2(1.732) + 18:3(2.616) + 20:1(0.785) + 22:1(0.723). 
10Total unsaturated fatty acid equation = AOCS (1998) equation + 14:1(1.062) + 17:1(n7)(0.903) + 20:2(n6)(1.581) + 20:3(n6)(2.386) + 20:3(n3)(2.386) + 20:4(n6)(3.201) + 22:4(n6)(2.941). 
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Table 12. Least-squares means for the effects of dietary treatment and pig removal on the growth performance of growing-finishing pigs.1 
 
Dietary treatment 
    
 
1 2 3 4 5 6 
    DDGS, % 0 0 20 40 40 60 
 
P-values 
Item                Pig removal strategy Single Group Multiple Groups2 Single Group Single Group Multiple Groups2 Single Group SEM Treatment 
DDGS 
level3,4 
Removal strategy 
(1 & 4 vs. 2 &5)5 
Number of pens 8 8 8 8 8 8 - - - - 
Number of pigs 272 272 272 272 272 272 - - - - 
Body weight, kg 
             Start (week 6 post-weaning) 23.4 23.4 23.4 23.4 23.3 23.2 0.43 0.89 0.72 0.74 
   Week 2 34.2ab 34.0ab 34.4a 33.8ab 33.5bc 32.9c 0.53 0.01 0.002y 0.40 
   Week 4 46.8a 46.4ab 46.2ab 45.4bc 44.8cd 44.1d 0.59 ˂0.001 ˂0.001x 0.21 
   Week 6 59.7a 59.3ab 59.8a 58.3bc 57.9c 57.3c 0.75 ˂0.001 ˂0.001z 0.29 
   Week 8 73.5a 73.2a 73.8a 71.2b 70.5bc 69.3c 0.71 ˂0.001 ˂0.001z 0.34 
   Week 10 87.6a 87.2a 87.5a 85.3b 85.0b 82.5c 0.87 ˂0.001 ˂0.001y 0.54 
   Week 12 100.6a 99.8ab 100.7a 98.8b 98.7b 96.5c 1.03 ˂0.001 ˂0.001y 0.42 
   Week 14 113.7a 112.7ab 113.3ab 111.7b 111.6bc 109.7c 0.89 0.002 0.001x 0.37 
   End of test (harvest) 129.0ab 127.2bc 129.5a 127.6bc 126.4c 129.7a 0.68 0.01 0.01z 0.04 
Days to end of test6,7 118.7c 132.9a 118.7c 121.2c 133.0a 127.3b 1.91 ˂0.001 0.07 ˂0.001 
Average daily gain, kg 
             Start to week 2 0.78ab 0.76abc 0.78a 0.75bc 0.74c 0.70d 0.013 ˂0.001 ˂0.001y 0.23 
   Week 2 to week 4 0.89a 0.88ab 0.84bc 0.82cd 0.80cd 0.79d 0.021 ˂0.001 ˂0.001x 0.31 
   Week 4 to week 6 0.91b 0.91b 0.97a 0.92b 0.93b 0.93b 0.024 0.03 0.01z 0.74 
   Week 6 to week 8 1.09ab 1.10a 1.04bc 1.00cd 0.99cd 0.95d 0.029 ˂0.001 ˂0.001x 0.89 
   Week 8 to week 10 0.92 0.90 0.89 0.91 0.94 0.91 0.035 0.71 0.67 0.80 
   Week 10 to week 12 0.91 0.89 0.93 0.95 0.95 0.97 0.029 0.10 0.03x 0.56 
   Week 12 to week 14 0.92 0.96 0.88 0.92 0.96 0.94 0.033 0.30 0.26 0.15 
   Week 14 to end7 0.71bc 0.86a 0.74b 0.73bc 0.87a 0.65c 0.036 0.001 0.16 ˂0.001 
   Start to end7 0.88bc 0.91a 0.88bc 0.86c 0.90ab 0.83d 0.012 ˂0.001 0.001x 0.001 
Average daily feed intake, kg 
             Start to week 2 1.36a 1.31a 1.33a 1.25b 1.25b 1.19c 0.024 ˂0.001 ˂0.001y 0.30 
   Week 2 to week 4 1.74a 1.76a 1.72a 1.66b 1.65b 1.56c 0.033 ˂0.001 ˂0.001x 0.87 
   Week 4 to week 6 2.13a 2.13a 2.16a 2.03b 2.03b 2.00b 0.025 ˂0.001 ˂0.001z 0.93 
   Week 6 to week 8 2.48a 2.52a 2.46ab 2.41bc 2.38c 2.30d 0.025 ˂0.001 ˂0.001x 0.97 
   Week 8 to week 10 2.55 2.54 2.49 2.42 2.50 2.41 0.053 0.13 0.08 0.36 
   Week 10 to week 12 2.56 2.59 2.53 2.59 2.61 2.59 0.030 0.49 0.29 0.40 
   Week 12 to week 14 2.88 2.87 2.82 2.76 2.81 2.76 0.043 0.17 0.07 0.66 
   Week 14 to end7 2.65cd 2.90a 2.63cd 2.73bc 2.89ab 2.52d 0.081 0.004 0.05z 0.003 
   Start to end7 2.30ab 2.33a 2.28ab 2.26b 2.28ab 2.19c 0.024 0.001 ˂0.001x 0.28 
Gain:feed, kg:kg 
             Start to week 2 0.574 0.576 0.588 0.595 0.589 0.591 0.0070 0.20 0.07 0.81 
   Week 2 to week 4 0.515 0.503 0.489 0.498 0.487 0.508 0.0114 0.41 0.27 0.29 
   Week 4 to week 6 0.430b 0.427b 0.451a 0.452a 0.459a 0.462a 0.0090 ˂0.001 ˂0.001x 0.79 
   Week 6 to week 8 0.440a 0.436ab 0.423abc 0.416c 0.418bc 0.411c 0.0098 0.04 ˂0.001x 0.89 
   Week 8 to week 10 0.360ab 0.352b 0.359ab 0.376a 0.377a 0.375a 0.0095 0.05 0.01x 0.63 
   Week 10 to week 12 0.355ab 0.344b 0.367a 0.369a 0.365a 0.374a 0.0114 0.05 0.02x 0.27 
   Week 12 to week 14 0.321bc 0.336ab 0.312c 0.334ab 0.342a 0.341a 0.0092 0.03 0.02z 0.10 
   Week 14 to end7 0.268 0.295 0.283 0.268 0.302 0.261 0.0122 0.11 0.53 0.01 
   Start to end7 0.381 0.389 0.385 0.381 0.395 0.378 0.0047 0.08 0.56 0.01 
Morbidity and mortality, % 5.22 6.72 7.46 6.02 4.14 3.35 - 0.28 - - 
a,b,c,dMeans within a row with different superscripts are different (P≤0.05) 
1Measured on all pigs in the study. 
2Multiple Groups = Week 1 = Heaviest 10% of pigs removed from group and sent for harvest; Week 2 = Heaviest 20%; Week 3 = Heaviest 20%; Week 4 = Heaviest 20%; Week 5 = Heaviest 10%; 
Week 6 = Lightest 20% of pigs. 
3Effect of DDGS level [0% DDGS (Treatments 1 and 2) vs. 20% DDGS (Treatment 3) vs. 40% DDGS (Treatments 4 and 5) vs. 60% DDGS (Treatment 6)] was compared using orthogonal contrasts. 
4x = linear response, y = quadratic response, z = cubic response. 
5Means were compared using orthogonal contrasts. 
6For Dietary treatments 2 and 5, days to end of test is the time from start of test to the time that the last group of pigs were removed from the pen. 
7Means were corrected to a common End of test weight of 128.2 kg. 
  
47 
 
Table 13.  Effect of dietary treatment on the incidence, causes, and timing of morbidity and mortality.  
 
Dietary treatment 
 
1 2 3 4 5 6 
DDGS, % 0 0 20 40 40 60 
 Item                         Pig removal strategy Single Group Multiple Groups1 Single Group Single Group Multiple Groups1 Single Group 
Total mortality 
      
   Number of pigs 5 11 14 13 8 5 
   Percentage of pigs, % 1.87 4.1 5.22 4.89 3.01 1.86 
Total morbidity 
      
   Number of pigs 9 7 6 3 3 4 
   Percentage of pigs, % 3.36 2.61 2.24 1.13 1.13 1.49 
Total losses 
      
   Number of pigs 14 18 20 16 11 9 
   Percentage of pigs, % 5.22 6.72 7.46 6.02 4.14 3.35 
Causes of morbidity and mortality 
      
   Respiratory disease2 1 6 3 4 4 3 
   Gastrointestinal disease3 4 4 11 6 5 1 
   Other disease4 0 0 0 0 0 1 
   Injury5 3 3 0 2 1 1 
   Structural defects6 0 0 0 0 0 0 
   Hernia7 0 1 2 0 0 0 
   Emaciation8 2 2 0 0 1 2 
   NANI9 0 1 0 1 0 0 
   Other10 4 1 4 3 0 1 
Timing of morbidity and mortality 
      
   Start (week 6 post-weaning) to Week 2 1 3 3 1 0 0 
   Week 2 to Week 4 1 1 0 1 1 1 
   Week 4 to Week 6 1 1 2 2 2 1 
   Week 6 to Week 8 1 1 3 4 1 0 
   Week 8 to Week 10 1 5 1 3 1 3 
   Week 10 to Week 12 3 1 5 1 3 3 
   Week 12 to Week 14 0 2 2 1 1 0 
   Week 14 to End of test 6 4 4 3 2 1 
1Multiple Groups = Week 1 = Heaviest 10% of pigs removed from group and sent for harvest; Week 2 = Heaviest 20%, Week 3 = Heaviest 20%, Week 4 
= Heaviest 20%, Week 5 = Heaviest 10%, Week 6 = Lightest 20% of pigs. 
2Respiratory disease = PRRS, pneumonia, influenza, and thumping. 
3Gastrointestinal disease = hemorrhagic bowel, obstructed bowel, prolapse, waterbelly, and ulcers. 
4Other disease = strep and anemia. 
5Injury = broken bones, abscesses, bites, open sores, and swollen joints. 
6Structural defects = broken top, leg soundness issues, and spraddle legs. 
7Hernia = umbilical hernia. 
8Emaciation = fall out, anorexia, and general unthriftiness. 
9NANI = downers and stress related issues. 
10Other = all other reasons for morbidity and mortality. 
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Table 14. Least squares means for the effects of dietary treatment, sex, and pig removal on the live animal ultrasound measurements and carcass characteristics of growing-finishing pigs.
1,2
 
 
Dietary treatment 
 
   
 
  
  
 
1 2 3 4 5 6 
 
   
 
  
  DDGS, % 0 0 20 40 40 60 
 
Sex    P-values 
Item                           Pig removal strategy 
Single 
Group 
Multiple 
Groups
3
 
Single 
Group 
Single 
Group 
Multiple 
Groups
3
 
Single 
Group SEM Gilt Barrow SEM Treatment Sex Trt×Sex 
DDGS 
level
4,5
 
Removal strategy 
(1 & 4 vs. 2 &5)
6
 
Number of pens 8 7 8 8 6 8 - - - - - - - - - 
Number of pigs 236 191 225 233 194 238 - - - - - - - - - 
Live animal ultrasound measurements
7
 
   10th rib Longissimus muscle depth, cm 5.37
ab
 5.47
a
 5.41
ab
 5.33
bc
 5.31
bc
 5.26
c
 0.041 - - - 0.004 - - 0.004x 0.29 
   10th rib backfat depth, cm 2.04
bc
 2.31
a
 1.99
c
 1.90
c
 2.24
ab
 1.85
c
 0.107 - - - 0.004 - - 0.13 0.001 
Carcass characteristics
8
 
       
   
 
  
     Harvest live weight, kg 129.1
ab
 127.4
bc
 128.8
ab
 127.4
bc
 126.6
c
 129.7
a
 0.71 - - - 0.03 - - 0.02z 0.09 
   Hot carcass weight, kg 
       
   
 
  
        With skin
9
 96.8
a
 95.2
bc
 95.9
b
 95.0
c
 94.1
d
 95.1
c
 0.27 - - - ˂0.001 - - 0.001x ˂0.001 
      Without skin 93.2
a
 91.6
bc
 92.2
b
 91.3
c
 90.5
d
 91.4
c
 0.27 - - - ˂0.001 - - 0.001
x
 ˂0.001 
   Carcass yield, % 
       
   
 
  
        With skin
9
 75.5
a
 74.3
bc
 74.8
b
 74.1
c
 73.4
d
 74.2
c
 0.21 - - - ˂0.001 - - ˂0.001x ˂0.001 
      Without skin 72.7
a
 71.4
bc
 71.9
b
 71.2
c
 70.6
d
 71.3
c
 0.21 - - - ˂0.001 - - ˂0.001x ˂0.001 
   Last rib backfat depth, cm 2.82
a
 2.78
ab
 2.71
bc
 2.71
abc
 2.76
abc
 2.64
c
 0.043 - - - 0.05 - - 0.02x 0.93 
   Hormel carcass grade
10
 3.05
a
 2.97
a
 2.83
ab
 2.83
ab
 2.93
ab
 2.69
b
 0.084 - - - 0.05 - - 0.02x 0.91 
Live-animal ultrasound measures (10th rib)
7,11,12
 
   Number of pigs 16 13 16 16 14 16 - 45 45 - - - - - - 
   Backfat depth, cm 1.71
c
 2.59
a
 1.95
bc
 1.98
bc
 2.18
b
 1.96
bc
 0.178 1.95
b
 
2.17
a
 0.137 0.002 0.0
5 
0.84 0.81 ˂0.001 
   Longissimus muscle depth, cm 5.48 5.36 5.60 5.51 5.32 5.37 0.127 5.53 5.35 0.076 0.63 0.0
7 
0.86 0.58 0.22 
Carcass characteristics                
   Harvest live weight, kg 127.8
b
 127.3
b
 129.9
a
 128.5
ab
 126.8
b
 128.2
ab
 0.68 128.
1 
128.1 0.39 0.04 0.9
8 
0.47 0.03
z
 0.11 
   Hot carcass weight, kg                
      With skin
9
 96.9
a
 94.8
c
 96.5
ab
 95.2
bc
 92.8
d
 94.7
c
 0.61 94.8 95.5 0.39 ˂0.001 0.1
5 
0.80 0.01
z
 ˂0.001 
      Without skin 93.3
a
 91.2
c
 92.9
ab
 91.5
bc
 89.1
d
 91.1
c
 0.61 91.2 91.9 0.39 ˂0.001 0.1
5 
0.80 0.01
z
 ˂0.001 
   Carcass yield, %                
      With skin
9
 75.6
a
 74.0
c
 75.3
ab
 74.3
bc
 72.3
d
 73.9
c
 0.47 73.9 74.5 0.30 ˂0.001 0.1
4 
0.80 0.01
z
 ˂0.001 
      Without skin 72.7
a
 71.1
c
 72.5
ab
 71.4
bc
 69.5
d
 71.0
c
 0.47 71.1 71.6 0.30 ˂0.001 0.1
4 
0.80 0.01
z
 ˂0.001 
   Last rib backfat depth, cm 2.93 2.82 2.74 2.87 2.87 2.60 0.122 2.73 2.88 0.069 0.40 0.1
3 
0.73 0.17 0.65 
   Hormel carcass grade
10
 3.27 3.06 2.89 3.16 3.15 2.62 0.238 2.88 3.18 0.135 0.40 0.1
3 
0.73 0.17 0.65 
Belly measurements                
   Thickness, cm 3.14
a
 3.00
ab
 3.09
a
 2.95
bc
 2.85
c
 2.95
bc
 0.053 2.96 3.04 0.030 0.003 0.0
8 
0.61 0.003
x
 0.03 
   Length, cm 61.29
a
 61.70
a
 58.77
ab
 56.27
bc
 56.52
b
 52.17
c
 1.410 57.6
0 
57.97 0.805 0.001 0.7
5 
0.89 ˂0.001x 0.83 
   Flop distance, cm
13
 4.51 4.83 5.57 4.46 3.19 3.56 0.645 4.23 4.49 0.376 0.09 0.6
2 
0.13 0.09 0.50 
   Flop angle, degree
14
 17.13 18.21 21.94 18.64 13.02 15.70 2.621 17.1
1 
17.77 1.544 0.19 0.7
5 
0.13 0.25 0.43 
a,b,c,d
Means within a row with different superscripts are different (P≤0.05) 
1
All means (except for harvest live weight) were corrected to a common harvest live weight of 128.2 kg. 
2
Measured on all pigs sent for harvest. 
3
Multiple Groups = Week 1 = Heaviest 10% of pigs removed from group and sent for harvest; Week 2 = Heaviest 20%; Week 3 = Heaviest 20%; Week 4 = Heaviest 20%; Week 5 = Heaviest 10%; Week 6 = Lightest 20% of pigs. 
4 Effect of DDGS level [0% DDGS (Treatments 1 and 2) vs. 20% DDGS (Treatment 3) vs. 40% DDGS (Treatments 4 and 5) vs. 60% DDGS (Treatment 6)] was compared using orthogonal contrasts. 
5
x = linear response, y = quadratic response, z = cubic response. 
6
Means were compared using orthogonal contrasts. 
7
Live ultrasound measurements: Measured on live animal at the farm on the day prior to shipment for harvest.
 
8
Carcass characteristics: Measured on slaughter line on all pigs sent for harvest. 
9
Hot carcass weight with skin = Hot carcass weight without skin + estimated skin weight (8 lb/pig). 
10
Hormel carcass grade: Determined on last rib backfat; 1- = backfat ˂0.50 in; 1 = 0.50 in - 0.70 in; 2 = 0.71 - 0.90 in; 3 = 0.91- 1.10 in; 4 = 1.11 - 1.30 in; 5 = 1.31 - 1.50 in; 6 = backfat ˃ 1.50 in. 
11
A sub-sample of 2 pigs (1 barrow and 1 gilt) from each pen was selected for detailed carcass cut test evaluation. 
 
12
Value are for informational purposes only and will not be discussed. 
13
Belly flop distance measured by draping belly (skin side down) over metal rod and measuring the distance between the 2 ends of the belly. 
 
14Belly flop angle = cos−1{[(0.5 × L2) − D2] ÷ (0.5 × L2)}, where L is one-half the belly length and D is the distance between the belly ends.       
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Table 15. Least squares means for the effects of dietary treatment, sex, and pig removal on muscle quality measurements.1 
 
Dietary treatment 
         
 
1 2 3 4 5 6 
         DDGS, % 0 0 20 40 40 60 
 
Sex 
 
P-values 
Item     Pig removal strategy 
Single 
Group 
Multiple 
Groups2 
Single 
Group 
Single 
Group 
Multiple 
Groups2 
Single 
Group SEM Gilt Barrow SEM Treatment Sex Trt×Sex 
DDGS 
level3,4 
Removal strategy 
(1 & 4 vs. 2 &5)5 
Number of pigs 16 13 16 16 14 16 - 45 45 - - - - - - 
Longissimus muscle quality measurements6 
                Ultimate pH 5.65 5.65 5.66 5.66 5.57 5.66 0.028 5.64 5.64 0.016 0.24 0.77 0.57 0.59 0.12 
   Subjective scores for: 
                     Color7 3.50 3.31 3.27 3.53 2.98 3.19 0.179 3.17 3.42 0.102 0.28 0.09 0.11 0.68 0.05 
      Firmness8 - - - - - - - - - - - - - - - 
         Sex 
                           Gilt 2.39b 2.06b 2.24b 2.25b 2.50b 2.24b 0.231 - - - 0.44 0.06 0.03 0.28 0.76 
            Barrow 2.62ab 3.24a 2.22b 2.41b 2.06b 2.51b - - - - - - - - - 
      Marbling9 1.31 1.08 1.21 1.07 1.08 1.00 0.090 1.16 1.09 0.060 0.09 0.33 0.81 0.11 0.21 
Minolta measurements10 
                  L* 47.07 46.37 46.41 45.82 48.24 46.19 0.638 46.52 46.85 0.364 0.14 0.52 0.24 0.79 0.20 
   a* 6.89 7.47 6.89 7.18 7.30 6.95 0.305 7.04 7.19 0.174 0.71 0.53 0.27 0.76 0.27 
   b* -0.52b -0.43ab -0.57b -0.91b 0.04a -0.69b 0.187 -0.59 -0.44 0.107 0.03 0.31 0.46 0.79 0.01 
a,bMeans within a row with different superscripts are different (P≤0.05). 
1A sub-sample of 2 pigs (1 barrow and 1 gilt) from each pen was selected for detailed carcass cut test evaluation. 
2Multiple Groups = Week 1 = Heaviest 10% of pigs removed from group and sent for harvest; Week 2 = Heaviest 20%; Week 3 = Heaviest 20%; Week 4 = Heaviest 20%; Week 5 = Heaviest 10%; Week 6 = Lightest 20% of pigs. 
3Effect of DDGS level [0% DDGS (Treatments 1 and 2) vs. 20% DDGS (Treatment 3) vs. 40% DDGS (Treatments 4 and 5) vs. 60% DDGS (Treatment 6)] was compared using orthogonal contrasts. 
4x = linear response, y = quadratic response, z = cubic response. 
5Means were compared using orthogonal contrasts. 
6Measurements were taken on the boneless Longissimus muscle.  Whole boneless loins were cut into two equal sized halves and muscle quality measures were taken on the cut surface. 
7Subjective color scores were recorded using the following 5 point scale: 1 = extremely pale to 5 = extremely dark (NPPC, 1999). 
8Subjective firmness scores were recorded using the following 5 point scale: 1 = soft to 5 = very firm (NPPC, 1991). 
9Subjective marbling scores were recorded using the following 10 point scale: 1 = 1% intramuscular fat to 10 = 10% intramuscular fat (NPPC, 1999). 
10Objective color scores were taken on the cut surface of the Longissimus muscle at the 10th rib using a CR-300 Minolta Chromameter with settings of illuminant D65 and 0° viewing angle. 
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Table 16. Least squares means for the effects of dietary treatment and pig removal on iodine value (measured using Near Infrared Spectroscopy) and within-pen coefficient of variation for iodine value of fat samples.1 
 
Dietary treatment 
    
 
1 2 3 4 5 6 
    DDGS, % 0 0 20 40 40 60 
 
P-values 
Item                                         Pig removal strategy Single Group Multiple Groups2 Single Group Single Group Multiple Groups2 Single Group SEM Treatment DDGS level3,4 
Removal strategy 
(1 & 4 vs. 2 &5)5 
Belly6 
             Number of pens 8 7 8 8 7 8 - - - - 
   Number of pigs 102 161 94 105 157 110 - - - - 
   Harvest live weight, kg 129.7ab 126.9c 128.6abc 127.8bc 126.3c 130.9a 0.91 0.01 0.02y 0.02 
   Sample temperature °C 5.0a 4.8b 5.0a 5.0a 4.8b 5.0a 0.05 0.01 0.48 ˂0.001 
   Iodine value7,8 67.1d 67.3d 72.8c 77.9b 78.5b 82.1a 0.46 ˂0.001 ˂0.001y 0.39 
   Coefficient of variation (within-pen), %8 4.5 5.0 3.6 3.4 4.1 4.5 0.43 0.10 0.05y 0.20 
Jowl9 
             Number of pens 8 7 8 8 7 8 - - - - 
   Number of pigs 119 165 107 113 161 129 - - - - 
   Harvest live weight, kg 129.2ab 127.0bc 129.1ab 128.2abc 126.3c 130.1a 0.80 0.02 0.06 0.02 
   Sample temperature °C 5.1 5.1 5.0 5.0 5.1 5.0 0.05 0.33 0.18 0.35 
   Iodine value7,8 72.7d 72.7d 78.2c 82.8b 83.3b 86.8a 0.33 ˂0.001 ˂0.001y 0.30 
   Coefficient of variation (within-pen), %8 3.3 3.7 3.0 3.0 3.0 2.9 0.22 0.14 0.06 0.52 
Backfat (from 3rd thoracic vertebrae) 
             Number of pens 8 7 8 8 7 8 - - - - 
   Number of pigs 120 176 108 125 171 131 - - - - 
   Harvest live weight, kg 129.4a 126.9b 129.3a 128.0ab 126.2b 129.7a 0.82 0.02 0.07 0.01 
   Sample temperature °C 4.9 5.0 4.8 4.9 4.8 4.9 0.07 0.43 0.45 0.96 
   Iodine value7,8 69.8d 69.9d 76.2c 82.4b 81.9b 86.2a 0.38 ˂0.001 ˂0.001y 0.60 
   Coefficient of variation (within-pen), %8 4.6a 4.3ab 4.1ab 3.7bc 3.1c 3.2c 0.28 0.002 0.001x 0.14 
Backfat (from clear plate) 
             Number of pens 8 7 8 8 7 8 - - - - 
   Number of pigs 112 157 105 119 156 128 - - - - 
   Harvest live weight, kg 129.9ab 126.8c 129.5ab 127.9bc 126.2c 130.3a 0.84 0.01 0.03z 0.01 
   Sample temperature °C 5.1a 4.8b 4.9ab 4.8b 4.9b 4.8b 0.05 0.01 0.16 0.07 
   Iodine value7,8 67.5d 67.6d 74.4c 79.7b 79.7b 84.2a 0.47 ˂0.001 ˂0.001y 0.99 
   Coefficient of variation (within-pen), %8 5.7a 4.6b 3.9c 4.1bc 4.0bc 3.5c 0.28 ˂0.001 ˂0.001z 0.05 
a,b,c,dMeans within a row with different superscripts are different (P≤0.05) 
1Measured on ~15 pigs/pen. 
2Multiple Groups = Week 1 = Heaviest 10% of pigs removed from group and sent for harvest; Week 2 = Heaviest 20%; Week 3 = Heaviest 20%; Week 4 = Heaviest 20%; Week 5 = Heaviest 10%; Week 6 = Lightest 20% of pigs. 
3Effect of DDGS level [0% DDGS (Treatments 1 and 2) vs. 20% DDGS (Treatment 3) vs. 40% DDGS (Treatments 4 and 5) vs. 60% DDGS (Treatment 6)] was compared using orthogonal contrasts. 
4x = linear response, y = quadratic response, z = cubic response. 
5Means were compared using orthogonal contrasts. 
6Belly sample was taken posterior to the sternum on the left side of the carcass. 
7Iodine value = Measured using Near Infrared Spectroscopy. 
8Means were corrected to a common harvest live weight of 128.4 kg. 
9Jowl sample was taken on the left side of the carcass at the anterior end of the jowl at the site of head removal. 
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Table 17. Least squares means for the effects of dietary treatment, sex, and pig removal on the fatty acid profile of backfat sample from the 3rd thoracic vertebrae on the first set of pigs used for GC analysis.
1,2
 
 
Dietary treatment 
         
 
1 2 3 4 5 6 
         DDGS, % 0 0 20 40 40 60 
 
Sex 
 
P-values 
Item                            Pig removal strategy 
Single 
Group 
Multiple 
Groups
3
 
Single 
Group 
Single 
Group 
Multiple 
Groups
2 
Single 
Group SEM Gilt Barrow SEM Treatment Sex Trt×Sex 
DDGS 
level
4,5
 
Removal strategy 
(1 & 4 vs. 2 &5)
6
 
Number of pens 8 7 8 8 7 8 - 45 45 - - - - - - 
Number of pigs 16 13 16 16 14 16 - 45 45 - - - - - - 
Harvest live weight, kg 127.8
b
 127.3
b
 129.9
a
 128.5
ab
 126.8
b
 128.2
ab
 0.68 128.1 128.1 0.39 0.04 0.98 0.47 0.03
z
 0.11 
Fatty acid, % 
                  Capric acid (C10:0) 0.08
a
 0.08
a
 0.07
b
 0.05
c
 0.05
c
 0.04
d
 0.003 0.06 0.06 0.001 ˂0.001 0.06 0.64 ˂0.001x 0.62 
   Lauric acid (C12:0) 0.08
a
 0.07
a
 0.07
a
 0.07
b
 0.07
b
 0.06
c
 0.002 0.07
b
 0.07
a
 0.001 ˂0.001 0.05 0.84 ˂0.001x 0.52 
   Myristic acid (C14:0) 1.30
a
 1.28
a
 1.20
b
 1.08
c
 1.06
c
 0.93
d
 0.025 1.12 1.16 0.014 ˂0.001 0.06 0.57 ˂0.001x 0.52 
   Myristoleic acid (C14:1)) 0.01
b
 0.01
b
 0.01
ab
 0.01
ab
 0.01
b
 0.02
a
 0.003 0.01 0.01 0.002 0.01 0.19 0.31 0.002
x
 0.49 
   Pentadecanoic acid (C15:0) 0.06
c
 0.06
c
 0.07
bc
 0.08
a
 0.08
ab
 0.08
a
 0.004 0.07 0.07 0.003 ˂0.001 0.82 0.42 ˂0.001x 0.91 
   Palmitic acid (C16:0) 23.27
a
 23.22
a
 21.51
b
 19.31
c
 19.44
c
 17.65
d
 0.252 20.49
b
 20.98
a
 0.144 ˂0.001 0.02 0.78 ˂0.001x 0.87 
   Palmitoleic acid (C16:1(n7)) 2.13
a
 2.20
a
 1.93
b
 1.87
b
 1.83
bc
 1.68
c
 0.065 1.90 1.98 0.037 ˂0.001 0.16 0.49 ˂0.001x 0.85 
   Margaric acid (C17:0) 0.35 0.39 0.38 0.39 0.37 0.39 0.020 0.38 0.38 0.014 0.53 0.94 0.46 0.73 0.61 
   10-Heptadecenoic acid (C17:1(n7)) 0.34
ab
 0.35
a
 0.31
bc
 0.30
c
 0.29
c
 0.27
c
 0.015 0.30 0.32 0.009 0.001 0.14 0.80 ˂0.001x 0.99 
   Stearic acid (C18:0) 12.09
a
 11.48
a
 10.45
b
 8.50
cd
 8.84
c
 7.68
d
 0.312 9.83 9.85 0.178 ˂0.001 0.93 0.30 ˂0.001x 0.68 
   Oleic acid (C18:1(n9)) 39.62
a
 39.92
a
 38.11
b
 37.36
bc
 37.94
b
 36.77
c
 0.458 38.01 38.56 0.321 ˂0.001 0.09 0.80 ˂0.001x 0.29 
   Linoleic acid (C18:2(n6)) 17.59
d
 17.87
d
 22.66
c
 27.46
b
 26.44
b
 30.76
a
 0.643 24.43
a
 23.17
b
 0.460 ˂0.001 0.01 0.73 ˂0.001x 0.51 
   α Linoleic acid (C18:3(n3)) 0.60d 0.61d 0.71c 0.80ab 0.76b 0.84a 0.019 0.74a 0.71b 0.013 ˂0.001 0.03 0.71 ˂0.001x 0.52 
   Arachidic acid (C20:0) 0.23
a
 0.21
b
 0.19
c
 0.17
cd
 0.17
cd
 0.15
d
 0.008 0.18 0.19 0.005 ˂0.001 0.15 0.19 ˂0.001x 0.18 
   Gondoic acid (C20:1(n9)) 0.87 0.86 0.81 0.83 0.83 0.86 0.024 0.82
b
 0.87
a
 0.014 0.55 0.02 0.33 0.26 0.73 
   Eicosadienoic acid (C20:2(n6)) 0.78
d
 0.78
d
 0.95
c
 1.09
b
 1.09
b
 1.24
a
 0.028 1.01 0.98 0.017 ˂0.001 0.21 0.29 ˂0.001x 0.99 
   dihomo-γ-linolenic acid(C20:3(n6)) 0.09c 0.10bc 0.11b 0.12a 0.12a 0.13a 0.004 0.12a 0.11b 0.003 ˂0.001 0.01 0.11 ˂0.001x 0.72 
   Arachidonic acid (C20:4(n6)) 0.22
c
 0.23
bc
 0.25
ab
 0.26
a
 0.26
a
 0.27
a
 0.010 0.26
a
 0.24
b
 0.006 0.002 0.004 0.82 ˂0.001x 0.58 
   Eicosatrienoic acid (C20:3(n3)) 0.10
cd
 0.10
d
 0.11
bc
 0.12
ab
 0.11
b
 0.12
a
 0.004 0.11 0.11 0.002 ˂0.001 0.59 0.03 ˂0.001x 0.41 
      Sex 
                        Gilt 0.10
f
 0.10
f
 0.12
bc
 0.11
bcde
 0.11
bcdef
 0.13
a
 0.005 - - - - - - - - 
         Barrow 0.11
cdef
 0.10
ef
 0.10
def
 0.12
ab
 0.12
bcde
 0.12
bcd
 - - - - - - - - - 
   Behenic acid (C22:0) 0.00 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 - - - - - - 
   Erucic acid (C22:1(n9)) 0.00 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 - - - - - - 
   Adrenic acid (C22:4(n6)) 0.11
c
 0.11
bc
 0.12
ab
 0.13
ab
 0.13
ab
 0.14
a
 0.007 0.13 0.12 0.005 0.001 0.07 0.65 ˂0.001x 0.45 
   Total fatty acid, % 100.00 100.00 100.00 100.00 100.00 100.00 - 100.00 100.00 - - - - - - 
   Mono-unsaturated fatty acid
7
 43.00
a
 43.34
a
 41.17
b
 40.38
bc
 40.87
b
 39.51
c
 0.488 41.01
b
 41.75
a
 0.328 ˂0.001 0.04 0.72 ˂0.001x 0.36 
   Poly-unsaturated fatty acid
8
 19.49
d
 19.81
d
 24.91
c
 29.98
b
 28.92
b
 33.51
a
 0.690 26.78
a
 25.42
b
 0.494 ˂0.001 0.01 0.70 ˂0.001x 0.53 
   Monounsaturated:Polyunsaturated ratio 2.23
a
 2.21
a
 1.66
b
 1.36
c
 1.44
c
 1.19
d
 0.059 1.63
b
 1.74
a
 0.042 ˂0.001 0.01 0.89 ˂0.001y 0.57 
   Saturated fatty acid
9
 37.50
a
 36.79
a
 33.93
b
 29.64
c
 30.09
c
 26.99
d
 0.511 32.20 32.79 0.291 ˂0.001 0.16 0.59 ˂0.001x 0.81 
   Saturated:Unsaturated ratio 0.60
a
 0.58
a
 0.51
b
 0.42
c
 0.43
c
 0.37
d
 0.012 0.48 0.49 0.007 ˂0.001 0.19 0.65 ˂0.001x 0.71 
Iodine value, g/kg                
   AOCS equation
10 
68.81
d
 69.66
d
 76.33
c
 84.22
b
 82.86
b
 89.29
a
 0.927 79.34
a
 77.72
b
 0.615 ˂0.001 0.02 0.72 ˂0.001x 0.77 
   Total unsaturated fatty acid equation
11
 71.86
d
 72.75
d
 79.77
c
 88.04
b
 86.62
b
 93.39
a
 0.994 82.96
a
 81.19
b
 0.662 ˂0.001 0.02 0.65 ˂0.001x 0.78 
   NIR 69.28
d
 69.88
d
 76.02
c
 83.30
b
 81.65
b
 86.83
a
 0.813 78.68
a
 76.97
b
 0.580 ˂0.001 0.003 0.57 ˂0.001x 0.47 
a,b,c,d,e,f
Means within a row with different superscripts are different (P≤0.05). 
1
A sub-sample of 2 pigs (1 barrow and 1 gilt) from each pen was selected for fat quality evaluation. 
2
Means were corrected to a common harvest live weight of 128.1 kg. 
3
Multiple Groups = Week 1 = Heaviest 10% of pigs removed from group and sent for harvest; Week 2 = Heaviest 20%, Week 3 = Heaviest 20%, Week 4 = Heaviest 20%, Week 5 = Heaviest 10%, Week 6 = Lightest 20% of pigs. 
4
Effect of DDGS level [(Treatments 1 and 2) vs. 20% DDGS (Treatment 3) vs. 40% DDGS (Treatments 4 and 5) vs. 60% DDGS (Treatment 6)] was compared using orthogonal contrasts. 
5
x = linear response, y = quadratic response, z = cubic response. 
6
Means were compared using orthogonal contrasts. 
7
Mono-unsaturated fatty acid = 14:1 + 16:1(n7) + 17:1(n7) + 18:1(n9) + 20:1(n9) + 22:1(n9). 
8
Poly-unsaturated fatty acid = 18:2(n6) + 18:3(n3) + 20:2(n6) + 20:3(n6) + 20:4(n6) + 20:3(n3) + 22:4(n6). 
9
Saturated fatty acid = 10:0 + 12:0 + 14:0 + 15:0 + 16:0 + 17:0 + 18:0 + 20:0 + 22:0. 
10
AOCS equation (1998): IV = 16:1(0.95) + 18:1(0.86) + 18:2(1.732) + 18:3(2.616) + 20:1(0.785) + 22:1(0.723). 
11
Total unsaturated fatty acid equation = AOCS (1998) equation + 14:1(1.062) + 17:1(n7)(0.903) + 20:2(n6)(1.581) + 20:3(n6)(2.386) + 20:3(n3)(2.386) + 20:4(n6)(3.201) + 22:4(n6)(2.941). 
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Table 18. Least squares means for the effects of dietary treatment, sex, and pig removal on the fatty acid profile of backfat sample from the clear plate on the first set of pigs used for GC analysis.
1,2
 
 
Dietary treatment 
         
 
1 2 3 4 5 6 
         DDGS, % 0 0 20 40 40 60 
 
Sex 
 
P-values 
Item                           Pig removal strategy 
Single 
Group 
Multiple 
Groups
3
 
Single 
Group 
Single 
Group 
Multiple 
Groups
3
 
Single 
Group SEM Gilt Barrow SEM Treatment Sex Trt×Sex 
DDGS 
level
4,5
 
Removal strategy 
(1 & 4 vs. 2 &5
6
 
Number of pens 6 7 6 6 7 6 - 37 37 - - - - - - 
Number of pigs 12 13 12 12 14 12 - 38 37 - - - - - - 
Harvest live weight, kg 127.0
b
 127.3
b
 130.1
a
 128.5
ab
 126.8
b
 128.6
ab
 0.76 128.0 128.1 0.44 0.03 0.82 0.81 0.02
z
 0.38 
Fatty acid, % 
                  Capric acid (C10:0) 0.07
a
 0.08
a
 0.07
a
 0.05
bc
 0.06
b
 0.04
c
 0.003 0.06 0.06 0.002 ˂0.001 0.56 0.30 ˂0.001x 0.11 
   Lauric acid (C12:0) 0.07
ab
 0.07
a
 0.07
ab
 0.06
c
 0.07
bc
 0.06
c
 0.002 0.07 0.07 0.001 0.002 0.08 0.67 ˂0.001x 0.55 
   Myristic acid (C14:0) 1.25
ab
 1.26
a
 1.16
bc
 1.04
d
 1.08
cd
 0.94
e
 0.032 1.10 1.14 0.018 ˂0.001 0.06 0.62 ˂0.001x 0.44 
   Myristoleic acid (C14:1)) 0.00
c
 0.00
c
 0.01
abc
 0.00
bc
 0.01
ab
 0.01
a
 0.003 0.01 0.01 0.001 0.02 0.23 0.35 0.01
x
 0.21 
   Penta decanoic acid (C15:0) 0.05
cd
 0.05
d
 0.06
bcd
 0.07
ab
 0.06
bc
 0.08
a
 0.004 0.06 0.06 0.003 ˂0.001 0.96 0.09 ˂0.001x 0.40 
   Palmitic acid (C16:0) 23.15
a
 24.01
a
 21.45
b
 19.75
c
 19.85
c
 17.74
d
 0.393 20.65
b
 21.33
a
 0.223 ˂0.001 0.03 0.49 ˂0.001x 0.22 
   Palmitoleic acid (C16:1(n7)) 1.98
b
 2.16
a
 1.96
bc
 1.79
cd
 1.84
bcd
 1.68
d
 0.061 1.86 1.94 0.035 ˂0.001 0.12 0.19 ˂0.001x 0.07 
   Margaric acid (C17:0) 0.35 0.33 0.34 0.36 0.34 0.37 0.022 0.34 0.35 0.014 0.63 0.46 0.31 0.56 0.23 
   10-Heptadecenoic acid (C17:1(n7)) 0.31 0.30 0.27 0.25 0.26 0.25 0.015 0.26 0.28 0.008 0.06 0.10 0.32 0.02
x
 0.95 
   Stearic acid (C18:0) 12.56
a
 12.55
a
 10.46
b
 9.59
b
 9.43
b
 7.97
c
 0.365 10.39 10.46 0.207 ˂0.001 0.83 0.04 ˂0.001x 0.82 
      Sex 
                        Gilt 13.13
a
 13.24
a
 10.35
cd
 9.43
cde
 9.04
de
 7.18
f
 0.513 - - - - - - - - 
         Barrow 11.99
ab
 11.87
ab
 10.57
bc
 9.74
cde
 9.82
cde
 8.76
e
 - - - - - - - - - 
   Oleic acid (C18:1(n9)) 39.33
b
 40.68
a
 38.61
b
 37.22
c
 38.49
b
 36.73
c
 0.436 38.52 38.50 0.282 ˂0.001 0.95 0.31 ˂0.001x 0.002 
   Linoleic acid (C18:2(n6)) 17.89
d
 15.80
d
 22.40
c
 26.48
b
 24.83
b
 30.54
a
 0.883 23.38 22.60 0.556 ˂0.001 0.24 0.13 ˂0.001x 0.03 
   α Linoleic acid (C18:3(n3)) 0.55c 0.51c 0.66b 0.73b 0.69b 0.82a 0.024 0.67 0.66 0.014 ˂0.001 0.63 0.39 ˂0.001x 0.07 
   Arachidic acid (C20:0) 0.27
a
 0.24
a
 0.20
b
 0.20
b
 0.19
bc
 0.17
c
 0.010 0.21 0.21 0.006 ˂0.001 0.35 0.01 ˂0.001y 0.05 
      Sex 
                        Gilt 0.27
a
 0.26
a
 0.20
bc
 0.20
bc
 0.17
cd
 0.15
d
 0.013 - - - - - - - - 
         Barrow 0.26
a
 0.22
b
 0.20
bc
 0.20
bc
 0.20
bc
 0.20
bc
 - - - - - - - - - 
   Gondoic acid (C20:1(n9)) 0.86 0.86 0.81 0.79 0.83 0.79 0.034 0.81 0.83 0.021 0.42 0.34 0.25 0.21 0.53 
   Eicosadienoic acid(C20:2(n6)) 0.78
d
 0.68
e
 0.90
c
 1.00
b
 1.01
b
 1.15
a
 0.036 0.93 0.91 0.023 ˂0.001 0.58 0.32 ˂0.001x 0.17 
   dihomo-γ-linolenic acid(C20:3(n6)) 0.09de 0.08e 0.10cd 0.11b 0.11bc 0.13a 0.005 0.11 0.10 0.003 ˂0.001 0.39 0.05 ˂0.001x 0.27 
      Sex 
                        Gilt 0.09
ef
 0.08
f
 0.10
cde
 0.12
b
 0.11
bc
 0.14
a
 0.007 - - - - - - - - 
         Barrow 0.09
def
 0.09
def
 0.10
cde
 0.11
bcd
 0.11
bcd
 0.12
bc
 - - - - - - - - - 
   Arachidonic acid (C20:4(n6)) 0.21
b
 0.19
b
 0.24
a
 0.24
a
 0.24
a
 0.27
a
 0.012 0.24 0.23 0.007 ˂0.001 0.24 0.35 ˂0.001x 0.46 
   Eicosatrienoic acid (C20:3(n3)) 0.10
bc
 0.09
c
 0.10
b
 0.10
b
 0.10
b
 0.12
a
 0.004 0.10 0.10 0.003 ˂0.001 0.99 0.37 ˂0.001x 0.27 
   Behenic acid (C22:0) 0.00 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 - - - - - - 
   Erucic acid (C22:1(n9)) 0.00 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 - - - - - - 
   Adrenic acid (C22:4(n6)) 0.10 0.09 0.12 0.12 0.12 0.11 0.008 0.11 0.11 0.004 0.08 0.94 0.91 0.02
y
 0.42 
   Total fatty acid, % 100.00 100.00 100.00 100.00 100.00 100.00 - 100.00 100.00 - - - - - - 
   Mono-unsaturated fatty acid
7
 42.47
b
 44.11
a
 41.67
b
 40.06
c
 41.44
b
 39.46
c
 0.458 41.49 41.57 0.291 ˂0.001 0.82 0.27 ˂0.001x 0.001 
   Poly-unsaturated fatty acid
8
 19.72
d
 17.44
d
 24.53
c
 28.78
b
 27.11
b
 33.14
a
 0.944 25.53 24.70 0.597 ˂0.001 0.25 0.13 ˂0.001x 0.03 
   Monounsaturated:Polyunsaturated ratio 2.21
b
 2.58
a
 1.71
c
 1.41
de
 1.58
cd
 1.20
e
 0.085 1.78 1.78 0.049 ˂0.001 0.98 0.39 ˂0.001y 0.002 
   Saturated fatty acid
9
 37.78
a
 38.50
a
 33.80
b
 31.12
c
 31.06
c
 27.38
d
 0.717 32.85 33.69 0.407 ˂0.001 0.15 0.23 ˂0.001x 0.64 
   Saturated:Unsaturated ratio 0.61
a
 0.63
a
 0.51
b
 0.45
c
 0.45
c
 0.38
d
 0.017 0.50 0.51 0.009 ˂0.001 0.24 0.31 ˂0.001x 0.57 
Iodine value, g/kg                
   AOCS equation
10
 68.85
d
 66.36
d
 76.25
c
 82.13
b
 80.75
b
 88.86
a
 1.344 77.92 76.48 0.804 ˂0.001 0.18 0.18 ˂0.001x 0.14 
   Total unsaturated fatty acid equation
11
 70.57
d
 69.14
d
 79.18
c
 85.44
b
 84.36
b
 92.51
a
 1.336 81.17 79.23 0.809 ˂0.001 0.07 0.24 ˂0.001x 0.33 
   NIR 67.66
d
 66.88
d
 75.49
c
 79.71
b
 79.10
b
 85.93
a
 0.995 76.18 75.40 0.588 ˂0.001 0.32 0.12 ˂0.001x 0.47 
a,b,c,d,e,f
Means within a row with different superscripts are different (P≤0.05). 
1
A sub-sample of 2 pigs (1 barrow and 1 gilt) from each pen was selected for fat quality evaluation. 
2
Means were corrected to a common harvest live weight of 128.1 kg. 
3
Multiple Groups = Week 1 = Heaviest 10% of pigs removed from group and sent for harvest; Week 2 = Heaviest 20%, Week 3 = Heaviest 20%, Week 4 = Heaviest 20%, Week 5 = Heaviest 10%, Week 6 = Lightest 20% of pigs. 
4
Effect of DDGS level [(Treatments 1 and 2) vs. 20% DDGS (Treatment 3) vs. 40% DDGS (Treatments 4 and 5) vs. 60% DDGS (Treatment 6)] was compared using orthogonal contrasts. 
5
x = linear response, y = quadratic response, z = cubic response. 
6
Means were compared using orthogonal contrasts. 
7
Mono-unsaturated fatty acid = 14:1 + 16:1(n7) + 17:1(n7) + 18:1(n9) + 20:1(n9) + 22:1(n9). 
8
Poly-unsaturated fatty acid = 18:2(n6) + 18:3(n3) + 20:2(n6) + 20:3(n6) + 20:4(n6) + 20:3(n3) + 22:4(n6). 
9
Saturated fatty acid = 10:0 + 12:0 + 14:0 + 15:0 + 16:0 + 17:0 + 18:0 + 20:0 + 22:0. 
10
AOCS equation (1998): IV = 16:1(0.95) + 18:1(0.86) + 18:2(1.732) + 18:3(2.616) + 20:1(0.785) + 22:1(0.723). 
11
Total unsaturated fatty acid equation = AOCS (1998) equation + 14:1(1.062) + 17:1(n7)(0.903) + 20:2(n6)(1.581) + 20:3(n6)(2.386) + 20:3(n3)(2.386) + 20:4(n6)(3.201) + 22:4(n6)(2.941). 
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Table 19. Least squares means for the effects of dietary treatment, sex, and pig removal on the fatty acid profile of jowl fat on the first set of pigs used for GC analysis.
1,2
 
 
Dietary treatment 
         
 
1 2 3 4 5 6 
         DDGS, % 0 0 20 40 40 60 
 
Sex 
 
P-values 
Item                             Pig removal strategy 
Single 
Group 
Multiple 
Groups
3
 
Single 
Group 
Single 
Group 
Multiple 
Groups
3
 
Single 
Group SEM Gilt Barrow SEM Treatment Sex Trt×Sex 
DDGS 
level
4,5
 
Removal strategy 
(1 & 4 vs. 2 &5)
6
 
Number of pens 8 6 8 8 7 8 - 44 43 - - - - - - 
Number of pigs 16 11 16 15 13 14 - 44 43 - - - - - - 
Harvest live weight, kg 127.8
bc
 127.3
bc
 129.9
a
 128.8
ab
 126.8
c
 128.3
abc
 0.69 128.1 128.2 0.40 0.03 0.81 0.54 0.05
z
 0.08 
Fatty acid, % 
                  Capric acid (C10:0) 0.08
a
 0.09
a
 0.07
b
 0.06
cd
 0.06
c
 0.05
d
 0.003 0.07 0.07 0.002 ˂0.001 0.81 0.33 ˂0.001x 0.10 
   Lauric acid (C12:0) 0.08
a
 0.07
a
 0.07
ab
 0.07
b
 0.07
b
 0.06
c
 0.002 0.07 0.07 0.001 ˂0.001 0.98 0.40 ˂0.001x 0.71 
   Myristic acid (C14:0) 1.32
a
 1.31
ab
 1.23
b
 1.12
c
 1.12
c
 0.99
d
 0.029 1.18 1.19 0.017 ˂0.001 0.76 0.37 ˂0.001x 0.80 
   Myristoleic acid (C14:1) 0.01 0.02 0.02 0.02 0.02 0.02 0.003 0.02 0.02 0.002 0.30 0.30 0.05 0.32 0.90 
      Sex 
                        Gilt 0.01
bc
 0.01
c
 0.01
bc
 0.02
abc
 0.02
abc
 0.02
a
 0.004 - - - - - - - - 
         Barrow 0.01
bc
 0.02
ab
 0.02
ab
 0.02
a
 0.01
bc
 0.02
abc
 - - - - - - - - - 
   Pentadecanoic acid (C15:0) 0.06
d
 0.07
bcd
 0.07
cd
 0.08
ab
 0.08
abc
 0.08
a
 0.004 0.07
b
 0.08
a
 0.003 0.01 0.01 0.39 0.001
x
 0.67 
   Palmitic acid (C16:0) 21.88
a
 22.01
a
 20.46
b
 18.79
c
 18.67
c
 17.67
d
 0.243 19.85 19.97 0.139 ˂0.001 0.53 0.92 ˂0.001x 0.96 
   Palmitoleic acid (C16:1(n7)) 2.61
a
 2.69
a
 2.50
ab
 2.28
bc
 2.25
bc
 2.06
c
 0.094 2.37 2.43 0.060 ˂0.001 0.39 0.17 ˂0.001x 0.80 
   Margaric acid (C17:0) 0.37 0.40 0.38 0.39 0.37 0.38 0.019 0.37
b
 0.40
a
 0.013 0.82 0.05 0.51 1.00 0.95 
   10-Heptadecenoic acid (C17:1(n7)) 0.42
a
 0.41
ab
 0.37
bc
 0.35
cd
 0.33
cd
 0.30
d
 0.017 0.35 0.38 0.011 ˂0.001 0.07 0.65 ˂0.001x 0.48 
   Stearic acid (C18:0) 9.69
a
 9.50
a
 8.49
b
 7.43
c
 7.27
c
 7.30
c
 0.280 8.35 8.21 0.164 ˂0.001 0.54 0.14 ˂0.001y 0.54 
   Oleic acid (C18:1(n9)) 42.83
a
 42.48
ab
 41.31
b
 39.77
c
 39.87
c
 38.36
d
 0.504 40.90 40.64 0.348 ˂0.001 0.48 0.86 ˂0.001x 0.78 
   Linoleic acid (C18:2(n6)) 17.48
d
 17.76
d
 21.57
c
 25.93
b
 26.12
b
 28.97
a
 0.615 22.92 23.02 0.378 ˂0.001 0.84 0.85 ˂0.001x 0.71 
   α Linoleic acid (C18:3(n3)) 0.64c 0.64c 0.72b 0.81a 0.79a 0.84a 0.019 0.74 0.74 0.011 ˂0.001 0.85 0.74 ˂0.001x 0.81 
   Arachidic acid (C20:0) 0.18
a
 0.16
ab
 0.15
bc
 0.15
c
 0.14
c
 0.14
c
 0.006 0.15 0.15 0.004 ˂0.001 0.35 0.16 ˂0.001y 0.04 
   Gondoic acid (C20:1(n9)) 0.91 0.87 0.88 0.88 0.87 0.89 0.024 0.86
b
 0.91
a
 0.014 0.71 0.02 0.35 0.71 0.29 
   Eicosadienoic acid (C20:2(n6)) 0.85
d
 0.83
d
 1.02
c
 1.16
b
 1.16
b
 1.28
a
 0.029 1.04 1.05 0.017 ˂0.001 0.59 0.50 ˂0.001x 0.84 
   dihomo-γ-linolenic acid(C20:3(n6)) 0.11c 0.12bc 0.13b 0.14a 0.15a 0.15a 0.005 0.13 0.13 0.003 ˂0.001 0.14 0.12 ˂0.001x 0.21 
   Arachidonic acid (C20:4(n6)) 0.27
d
 0.28
cd
 0.29
bcd
 0.30
abc
 0.32
a
 0.31
ab
 0.011 0.30
a
 0.28
b
 0.007 0.001 0.02 0.73 ˂0.001x 0.14 
   Eicosatrienoic acid (C20:3(n3)) 0.11
c
 0.11
c
 0.12
bc
 0.13
ab
 0.13
a
 0.13
a
 0.004 0.12 0.12 0.002 ˂0.001 0.65 0.22 ˂0.001x 0.99 
   Behenic acid (C22:0) 0.00 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 - - - - - - 
   Erucic acid (C22:1(n9)) 0.00 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 - - - - - - 
   Adrenic acid (C22:4(n6)) 0.12
c
 0.13
bc
 0.14
ab
 0.14
ab
 0.15
a
 0.15
a
 0.007 0.14 0.14 0.005 0.003 0.89 0.61 0.002
x
 0.09 
   Total fatty acid, % 100.00 100.00 100.00 100.00 100.00 100.00 - 100.00 100.00 - - - - - - 
   Mono-unsaturated fatty acid
7
 46.79
a
 46.50
ab
 45.16
b
 43.32
c
 43.33
c
 41.63
d
 0.574 44.52 44.39 0.385 ˂0.001 0.75 0.90 ˂0.001x 0.79 
   Poly-unsaturated fatty acid
8
 19.57
d
 19.86
d
 23.97
c
 28.59
b
 28.91
b
 31.83
a
 0.651 25.42 25.49 0.402 ˂0.001 0.89 0.83 ˂0.001x 0.64 
   Monounsaturated:Polyunsaturated ratio 2.36
a
 2.36
a
 1.89
b
 1.53
c
 1.53
c
 1.32
d
 0.061 1.85 1.81 0.040 ˂0.001 0.36 0.70 ˂0.001y 0.97 
   Saturated fatty acid
9
 33.64
a
 33.61
a
 30.88
b
 28.07
c
 27.78
cd
 26.57
d
 0.460 30.06 30.12 0.263 ˂0.001 0.86 0.55 ˂0.001x 0.74 
   Saturated:Unsaturated ratio 0.51
a
 0.51
a
 0.45
b
 0.39
c
 0.39
cd
 0.36
d
 0.009 0.43 0.43 0.005 ˂0.001 0.94 0.44 ˂0.001y 0.78 
Iodine value, g/kg                
   AOCS equation
10
 71.97
d
 72.22
d
 77.83
c
 84.07
b
 84.45
b
 88.01
a
 0.823 79.73 79.78 0.470 ˂0.001 0.94 0.75 ˂0.001x 0.71 
   Total unsaturated fatty acid equation
11
 75.37
d
 75.83
d
 81.77
c
 88.26
b
 88.92
b
 92.45
a
 0.852 83.73 83.80 0.487 ˂0.001 0.92 0.55 ˂0.001x 0.52 
   NIR 71.83
d
 71.70
d
 77.29
c
 82.28
b
 83.07
b
 85.80
a
 0.712 78.63 78.70 0.415 ˂0.001 0.90 0.70 ˂0.001y 0.65 
a,b,c,d
Means within a row with different superscripts are different (P≤0.05). 
1
A sub-sample of 2 pigs (1 barrow and 1 gilt) from each pen was selected for fat quality evaluation. 
2
Means were corrected to a common harvest live weight of 128.2 kg. 
3
Multiple Groups = Week 1 = Heaviest 10% of pigs removed from group and sent for harvest; Week 2 = Heaviest 20%, Week 3 = Heaviest 20%, Week 4 = Heaviest 20%, Week 5 = Heaviest 10%, Week 6 = Lightest 20% of pigs. 
4
Effect of DDGS level [(Treatments 1 and 2) vs. 20% DDGS (Treatment 3) vs. 40% DDGS (Treatments 4 and 5) vs. 60% DDGS (Treatment 6)] was compared using orthogonal contrasts. 
5
x = linear response, y = quadratic response, z = cubic response. 
6
Means were compared using orthogonal contrasts. 
7
Mono-unsaturated fatty acid = 14:1 + 16:1(n7) + 17:1(n7) + 18:1(n9) + 20:1(n9) + 22:1(n9). 
8
Poly-unsaturated fatty acid = 18:2(n6) + 18:3(n3) + 20:2(n6) + 20:3(n6) + 20:4(n6) + 20:3(n3) + 22:4(n6). 
9
Saturated fatty acid = 10:0 + 12:0 + 14:0 + 15:0 + 16:0 + 17:0 + 18:0 + 20:0 + 22:0. 
10
AOCS equation (1998): IV = 16:1(0.95) + 18:1(0.86) + 18:2(1.732) + 18:3(2.616) + 20:1(0.785) + 22:1(0.723). 
11
Total unsaturated fatty acid equation = AOCS (1998) equation + 14:1(1.062) + 17:1(n7)(0.903) + 20:2(n6)(1.581) + 20:3(n6)(2.386) + 20:3(n3)(2.386) + 20:4(n6)(3.201) + 22:4(n6)(2.941). 
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Table 20. Least squares means for the effects of dietary treatment, sex, and pig removal on the fatty acid profile of belly fat on the second set of pigs used for GC analysis.
1
 
 
Dietary treatment 
         
 
1 2 3 4 5 6 
         DDGS, % 0 0 20 40 40 60 
 
Sex
 
P-values 
Item                           Pig removal strategy 
Single 
Group 
Multiple 
Groups
2
 
Single 
Group 
Single 
Group 
Multiple 
Groups
2
 
Single 
Group SEM Gilt Barrow SEM Treatment Sex Trt×Sex 
DDGS 
level
3,4
 
Removal strategy 
(1 & 4 vs. 2 &5)
5
 
Number of pens 8 7 7 8 7 8 - 43 39 - - - - - - 
Number of pigs 14 14 11 19 13 14 - 45 40 - - - - - - 
Harvest live weight, kg 129.8 127.1 128.7 128.1 126.6 129.7 1.28 127.6 129.0 0.82 0.34 0.14 0.77 0.55 0.07 
Fatty acid, % 
                  Capric acid (C10:0) 0.14
a
 0.14
a
 0.13
a
 0.13
a
 0.12
a
 0.11
b
 0.006 0.13 0.13 0.004 0.01 0.75 0.62 0.001
x
 0.93 
   Lauric acid (C12:0) 0.08
b
 0.08
a
 0.08
ab
 0.07
b
 0.08
b
 0.07
c
 0.002 0.08 0.08 0.001 0.001 0.48 0.11 0.001
x
 0.06 
   Myristic acid (C14:0) 1.31
b
 1.43
a
 1.31
b
 1.19
c
 1.24
bc
 1.05
d
 0.035 1.26 1.25 0.020 ˂0.001 0.56 0.03 ˂0.001x 0.02 
      Sex 
                        Gilt 1.33
b
 1.49
a
 1.26
bcd
 1.13
de
 1.31
b
 1.06
e
 0.049 - - - - - - - - 
         Barrow 1.30
bc
 1.36
ab
 1.36
ab
 1.26
bc
 1.17
cde
 1.04
e
 - - - - - - - - - 
   Myristoleic acid (C14:1) 0.02 0.02 0.02 0.02 0.02 0.02 0.002 0.02 0.02 0.001 0.84 0.55 0.88 0.57 0.86 
   Penadecanoic acid (C15:0) 0.05
d
 0.05
d
 0.06
bc
 0.07
a
 0.06
c
 0.07
ab
 0.004 0.06 0.06 0.002 ˂0.001 0.71 0.49 ˂0.001x 0.03 
   Palmitic acid (C16:0) 23.58
a
 24.63
a
 22.21
b
 20.74
c
 21.08
bc
 19.42
d
 0.396 22.06 21.83 0.230 ˂0.001 0.49 0.33 ˂0.001x 0.08 
   Palmitoleic acid (C16:1(n7)) 2.45
a
 2.57
a
 2.35
ab
 2.10
c
 2.15
bc
 1.84
d
 0.091 2.22 2.26 0.053 ˂0.001 0.63 0.03 ˂0.001x 0.32 
      Sex 
                        Gilt 2.51
ab
 2.68
a
 2.13
cdef
 1.90
f
 2.23
bcde
 1.90
ef
 0.129 - - - - - - - - 
         Barrow 2.39
abcd
 2.46
abc
 2.56
ab
 2.29
bcd
 2.08
def
 1.77
f
 - - - - - - - - - 
   Margaric acid (C17:0) 0.29
b
 0.29
b
 0.34
ab
 0.38
a
 0.31
b
 0.37
a
 0.020 0.32 0.34 0.011 0.001 0.42 0.45 0.004
x
 0.07 
   10-Heptadecenoic acid (C17:1(n7)) 0.29 0.29 0.31 0.29 0.28 0.26 0.014 0.27
b
 0.30
a
 0.009 0.12 0.02 0.29 0.05
x
 0.39 
   Stearic acid (C18:0) 10.98
a
 11.74
a
 9.80
b
 9.16
bc
 9.05
bc
 8.83
c
 0.313 9.83 10.02 0.187 ˂0.001 0.44 0.38 ˂0.001y 0.28 
   Oleic acid (C18:1(n9)) 42.01
a
 41.17
ab
 39.68
bc
 38.23
cd
 39.69
bc
 37.42
d
 0.693 39.20 40.20 0.401 ˂0.001 0.08 0.42 ˂0.001x 0.65 
   Linoleic acid (C18:2(n6)) 16.03
d
 15.03
d
 20.69
c
 24.44
b
 22.66
bc
 27.09
a
 0.892 21.43 20.54 0.516 ˂0.001 0.23 0.40 ˂0.001x 0.11 
   α Linoleic acid (C18:3(n3)) 0.54c 0.51c 0.66b 0.72ab 0.69ab 0.76a 0.026 0.66 0.63 0.015 ˂0.001 0.25 0.37 ˂0.001x 0.21 
   Arachidic acid (C20:0) 0.19
a
 0.19
a
 0.17
ab
 0.15
bc
 0.15
bc
 0.14
c
 0.007 0.16
b
 0.17
a
 0.004 ˂0.001 0.04 0.88 ˂0.001x 0.85 
   Gondoic acid (C20:1(n9)) 0.86
a
 0.76
b
 0.77
b
 0.74
b
 0.75
b
 0.79
ab
 0.029 0.77 0.79 0.017 0.05 0.47 0.42 0.20 0.13 
   Eicosadienoic acid (C20:2(n6)) 0.69
c
 0.61
c
 0.82
b
 0.89
b
 0.87
b
 1.02
a
 0.032 0.81 0.82 0.018 ˂0.001 0.98 0.14 ˂0.001x 0.09 
   dihomo-γ-linolenic acid(C20:3(n6)) 0.09bc 0.08c 0.10b 0.12a 0.12a 0.12a 0.005 0.11a 0.10b 0.003 ˂0.001 0.01 0.86 ˂0.001x 0.18 
   Arachidonic acid (C20:4(n6)) 0.22
c
 0.24
c
 0.25
bc
 0.29
a
 0.27
ab
 0.29
a
 0.013 0.28
a
 0.24
b
 0.009 ˂0.001 0.001 0.60 ˂0.001x 0.98 
   Eicosatrienoic acid (C20:3(n3)) 0.09
bc
 0.08
c
 0.10
ab
 0.10
ab
 0.09
bc
 0.11
a
 0.004 0.09 0.09 0.002 0.002 0.64 0.24 0.001
x
 0.18 
   Behenic acid (C22:0) 0.00 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 - - - - - - 
   Erucic acid (C22:1(n9)) 0.00 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 - - - - - - 
   Adrenic acid (C22:4(n6)) 0.11
cd
 0.10
d
 0.12
bc
 0.13
b
 0.12
bc
 0.15
a
 0.007 0.12 0.12 0.005 ˂0.001 0.30 0.25 ˂0.001x 0.10 
   Total fatty acid, % 100.00 100.00 100.00 100.00 100.00 100.00 - 100.00 100.00 - - - - - - 
   Mono-unsaturated fatty acid
6
 45.63
a
 44.81
ab
 43.12
bc
 41.38
cd
 42.96
bc
 40.39
d
 0.777 42.53 43.57 0.450 ˂0.001 0.11 0.35 ˂0.001x 0.62 
   Poly-unsaturated fatty acid
7
 17.77
d
 16.64
d
 22.75
c
 26.68
b
 24.95
bc
 29.53
a
 0.954 23.56 22.55 0.553 ˂0.001 0.20 0.44 ˂0.001x 0.13 
   Monounsaturated:Polyunsaturated ratio 2.71
a
 2.74
a
 1.92
b
 1.60
bc
 1.76
b
 1.42
c
 0.121 1.99 2.05 0.070 ˂0.001 0.55 0.57 ˂0.001y 0.42 
   Saturated fatty acid
8
 36.61
b
 38.55
a
 34.10
c
 31.93
d
 32.09
d
 30.08
e
 0.644 33.90 33.89 0.383 ˂0.001 0.98 0.43 ˂0.001x 0.09 
   Saturated:Unsaturated ratio 0.58
b
 0.63
a
 0.52
c
 0.47
d
 0.47
de
 0.43
e
 0.015 0.52 0.52 0.009 ˂0.001 0.90 0.45 ˂0.001x 0.09 
Iodine value, g/kg                
   AOCS equation
9
 68.31
d
 65.81
d
 74.51
c
 79.67
b
 77.88
bc
 83.52
a
 1.185 75.32 74.58 0.686 ˂0.001 0.45 0.41 ˂0.001x 0.07 
   Total unsaturated fatty acid equation
10
 71.14
d
 68.48
d
 77.75
c
 83.18
b
 81.68
b
 87.29
a
 1.278 78.75 77.76 0.740 ˂0.001 0.35 0.56 ˂0.001x 0.10 
   NIR 1
11
 66.57
d
 65.01
d
 73.29
c
 78.54
b
 73.88
c
 81.80
a
 1.100 73.77 72.60 0.703 ˂0.001 0.17 0.93 ˂0.001x 0.003 
   NIR 2
12
 68.50
d
 65.97
d
 73.27
c
 78.06
b
 76.20
bc
 81.34
a
 1.150 73.94 73.84 0.723 ˂0.001 0.91 0.17 ˂0.001x 0.04 
a,b,c,d,e,f
Means within a row with different superscripts are different (P≤0.05). 
1
A sub-sample of 2 pigs (1 barrow and 1 gilt) from each pen that were not used for the first GC analysis and were next closest to the pen mean were selected for a second GC analysis. 
2
Multiple Groups = Week 1 = Heaviest 10% of pigs removed from group and sent for harvest; Week 2 = Heaviest 20%, Week 3 = Heaviest 20%, Week 4 = Heaviest 20%, Week 5 = Heaviest 10%, Week 6 = Lightest 20% of pigs. 
3
Effect of DDGS level [(Treatments 1 and 2) vs. 20% DDGS (Treatment 3) vs. 40% DDGS (Treatments 4 and 5) vs. 60% DDGS (Treatment 6)] was compared using orthogonal contrasts, 
4
x = linear response, y = quadratic response, z = cubic response. 
5
Means were compared using orthogonal contrasts. 
6
Mono-unsaturated fatty acid = 14:1 + 16:1(n7) + 17:1(n7) + 18:1(n9) + 20:1(n9) + 22:1(n9). 
7
Poly-unsaturated fatty acid = 18:2(n6) + 18:3(n3) + 20:2(n6) + 20:3(n6) + 20:4(n6) + 20:3(n3) + 22:4(n6). 
8
Saturated fatty acid = 10:0 + 12:0 + 14:0 + 15:0 + 16:0 + 17:0 + 18:0 + 20:0 + 22:0. 
9
AOCS equation (1998): IV = 16:1(0.95) + 18:1(0.86) + 18:2(1.732) + 18:3(2.616) + 20:1(0.785) + 22:1(0.723). 
10
Total unsaturated fatty acid equation = AOCS (1998) equation + 14:1(1.062) + 17:1(n7)(0.903) + 20:2(n6)(1.581) + 20:3(n6)(2.386) + 20:3(n3)(2.386) + 20:4(n6)(3.201) + 22:4(n6)(2.941). 
11
NIR 1 = NIR value taken at initial NIR measurement. 
12
NIR 2 = NIR value taken at time of GC analysis. 
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Table 21. Least squares means for the effects of dietary treatment, sex, and pig removal on the fatty acid profile of backfat from the 3rd thoracic vertebrae on the second set of pigs used for GC analysis.
1
 
 
Dietary treatment 
         
 
1 2 3 4 5 6 
         DDGS, % 0 0 20 40 40 60 
 
Sex 
 
P-values 
Item                           Pig removal strategy 
Single 
Group 
Multiple 
Groups
2
 
Single 
Group 
Single 
Group 
Multiple 
Groups
2
 
Single 
Group SEM Gilt Barrow SEM Treatment Sex Trt×Sex 
DDGS 
level
3,4
 
Removal strategy 
(1 & 4 vs. 2 &5)
5
 
Number of pens 8 8 7 8 6 8 - 37 40 - - - - - - 
Number of pigs 13 13 13 16 10 15 - 38 42 - - - - - - 
Harvest live weight, kg 129.7 127.1 128.9 128.4 126.8 129.5 1.32 127.8 129.1 0.81 0.51 0.23 0.75 0.69 0.11 
Fatty acid, % 
                  Capric acid (C10:0) 0.12
a
 0.12
a
 0.11
a
 0.11
a
 0.09
b
 0.08
b
 0.007 0.11 0.10 0.004 ˂0.001 0.54 0.36 ˂0.001x 0.03 
   Lauric acid (C12:0) 0.07
a
 0.07
a
 0.07
a
 0.07
ab
 0.06
bc
 0.06
c
 0.002 0.07 0.07 0.001 0.002 0.26 0.003 0.002
x
 0.40 
      Sex 
                        Gilt 0.07
ab
 0.08
a
 0.06
bcd
 0.07
bc
 0.06
bcd
 0.06
cd
 0.003 - - - - - - - - 
         Barrow 0.07
bcd
 0.06
bcd
 0.07
a
 0.07
bcd
 0.06
d
 0.06
cd
 - - - - - - - - - 
   Myristic acid (C14:0) 1.18
a
 1.23
a
 1.15
ab
 1.09
bc
 1.04
cd
 0.97
d
 0.031 1.12 1.09 0.019 ˂0.001 0.24 0.04 ˂0.001x 0.99 
      Sex 
                        Gilt 1.22
ab
 1.32
a
 1.10
cd
 1.09
cde
 1.06
def
 0.97
f
 0.043 - - - - - - - - 
         Barrow 1.14
bcd
 1.14
bcd
 1.20
bc
 1.09
cd
 1.03
def
 0.97
ef
 - - - - - - - - - 
   Myristoleic acid (C14:1) 0.01 0.01 0.02 0.02 0.01 0.02 0.002 0.02 0.01 0.002 0.48 0.44 0.73 0.25 0.63 
   Pentadecanoic acid (C15:0) 0.05
c
 0.05
c
 0.07
b
 0.08
a
 0.06
bc
 0.08
a
 0.004 0.07 0.07 0.002 ˂0.001 0.99 0.32 ˂0.001x 0.02 
   Palmitic acid (C16:0) 22.96
a
 23.69
a
 20.99
b
 20.29
b
 20.24
b
 18.63
c
 0.374 21.18 21.08 0.227 ˂0.001 0.74 0.35 ˂0.001x 0.37 
   Palmitoleic acid (C16:1(n7)) 1.93
abc
 1.99
a
 1.96
ab
 1.73
cd
 1.74
bcd
 1.72
d
 0.075 1.83 1.86 0.043 0.02 0.65 0.30 0.004
x
 0.66 
   Margaric acid ((C17:0)) 0.34
c
 0.35
c
 0.39
abc
 0.44
a
 0.36
bc
 0.41
ab
 0.020 0.38 0.38 0.012 0.002 0.72 0.85 0.01
x
 0.09 
   10-Heptadecenoic acid (C17:1(n7)) 0.30 0.31 0.31 0.30 0.29 0.27 0.016 0.29 0.30 0.009 0.66 0.21 0.62 0.40 0.89 
   Stearic acid (C18:0) 11.85
a
 12.21
a
 9.84
b
 9.20
bc
 10.01
b
 8.30
c
 0.392 10.30 10.17 0.241 ˂0.001 0.68 0.39 ˂0.001x 0.14 
   Oleic acid (C18:1(n9)) 39.42
a
 38.86
ab
 37.62
bc
 36.70
c
 38.86
ab
 36.35
c
 0.579 37.44
b
 38.50
a
 0.335 0.001 0.03 0.80 0.001
x
 0.18 
   Linoleic acid (C18:2(n6)) 18.62
c
 18.41
c
 24.19
b
 26.42
b
 23.87
b
 29.41
a
 1.057 23.90 23.07 0.678 ˂0.001 0.32 0.89 ˂0.001x 0.18 
   α Linoleic acid (C18:3(n3)) 0.61c 0.60c 0.74b 0.76ab 0.71b 0.81a 0.027 0.71 0.70 0.017 ˂0.001 0.54 0.67 ˂0.001x 0.25 
   Arachidic acid (C20:0) 0.22
a
 0.23
a
 0.19
b
 0.17
b
 0.19
b
 0.15
c
 0.009 0.19 0.19 0.006 ˂0.001 0.76 0.15 ˂0.001x 0.22 
   Gondoic acid (C20:1(n9)) 0.89 0.83 0.84 0.83 0.85 0.86 0.033 0.84 0.86 0.020 0.79 0.34 0.72 0.86 0.49 
   Eicosadienoic acid (C20:2(n6)) 0.83
c
 0.78
c
 1.00
b
 1.05
b
 1.02
b
 1.17
a
 0.039 0.98 0.97 0.023 ˂0.001 0.89 0.42 ˂0.001x 0.29 
   dihomo-γ-linolenic acid(C20:3(n6)) 0.10cd 0.09d 0.11ab 0.12ab 0.11bc 0.12a 0.004 0.11 0.11 0.002 ˂0.001 0.25 0.16 ˂0.001x 0.09 
   Arachidonic acid (C20:4(n6)) 0.21
b
 0.22
b
 0.25
a
 0.25
a
 0.23
ab
 0.26
a
 0.011 0.24 0.24 0.007 0.01 0.53 0.32 0.003
x
 0.69 
   Eicosatrienoic acid (C20:3(n3)) 0.11
bc
 0.10
c
 0.12
ab
 0.10
bc
 0.11
bc
 0.12
a
 0.005 0.11 0.11 0.003 0.01 0.56 0.21 0.002
z
 0.57 
   Behenic acid (C22:0) 0.00 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 - - - - - - 
   Erucic acid (C22:1(n9)) 0.00 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 - - - - - - 
   Adrenic acid (C22:4(n6)) 0.09
b
 0.10
b
 0.12
a
 0.13
a
 0.10
b
 0.13
a
 0.006 0.11 0.11 0.004 ˂0.001 0.11 0.30 ˂0.001z 0.04 
   Total fatty acid, % 100.00 100.00 100.00 100.00 100.00 100.00 - 100.00 100.00 - - - - - - 
   Mono-unsaturated fatty acid
6
 42.55
a
 42.00
a
 40.74
ab
 39.69
b
 41.75
a
 39.22
b
 0.653 40.41
b
 41.57
a
 0.378 0.002 0.04 0.88 0.002
x
 0.26 
   Poly-unsaturated fatty acid
7
 20.57
c
 20.29
c
 26.53
b
 28.82
b
 26.15
b
 32.02
a
 1.119 26.15 25.31 0.714 ˂0.001 0.34 0.87 ˂0.001x 0.17 
   Monounsaturated:Polyunsaturated ratio 2.14
a
 2.16
a
 1.55
b
 1.42
bc
 1.64
b
 1.25
c
 0.101 1.64 1.75 0.063 ˂0.001 0.18 0.76 ˂0.001z 0.21 
   Saturated fatty acid
8
 36.84
a
 37.65
a
 32.73
b
 31.46
b
 32.06
b
 28.74
c
 0.740 33.40 33.09 0.482 ˂0.001 0.58 0.68 ˂0.001z 0.32 
   Saturated:Unsaturated ratio 0.58
a
 0.61
a
 0.49
b
 0.46
b
 0.48
b
 0.40
c
 0.018 0.51 0.50 0.011 ˂0.001 0.61 0.72 ˂0.001z 0.25 
Iodine value, g/kg                
   AOCS equation
9
 70.29
c
 69.44
c
 78.72
b
 81.70
b
 78.96
b
 86.63
a
 1.503 77.88 77.37 0.992 ˂0.001 0.66 0.81 ˂0.001z 0.21 
   Total unsaturated fatty acid equation
10
 73.32
c
 72.41
c
 82.32
b
 85.36
b
 82.38
b
 90.54
a
 1.581 81.30 80.81 1.034 ˂0.001 0.68 0.80 ˂0.001z 0.20 
   NIR1
11
 70.13
d
 68.00
d
 77.32
c
 81.71
b
 80.96
b
 86.42
a
 0.856 77.98 76.87 0.574 ˂0.001 0.09 0.50 ˂0.001y 0.08 
   NIR 2
12
 71.80
c
 70.39
c
 78.75
b
 80.58
b
 78.92
b
 85.16
a
 1.302 77.66 77.55 0.828 ˂0.001 0.91 0.85 ˂0.001z 0.23 
a,b,c,d,e,f
Means within a row with different superscripts are different (P≤0.05). 
1
A sub-sample of 2 pigs (1 barrow and 1 gilt) from each pen that were not used for the first GC analysis and were next closest to the pen mean were selected for a second GC analysis. 
2
Multiple Groups = Week 1 = Heaviest 10% of pigs removed from group and sent for harvest; Week 2 = Heaviest 20%, Week 3 = Heaviest 20%, Week 4 = Heaviest 20%, Week 5 = Heaviest 10%, Week 6 = Lightest 20% of pigs. 
3
Effect of DDGS level [(Treatments 1 and 2) vs. 20% DDGS (Treatment 3) vs. 40% DDGS (Treatments 4 and 5) vs. 60% DDGS (Treatment 6)] was compared using orthogonal contrasts. 
4
x = linear response, y = quadratic response, z = cubic response. 
5
Means were compared using orthogonal contrasts. 
6
Mono-unsaturated fatty acid = 14:1 + 16:1(n7) + 17:1(n7) + 18:1(n9) + 20:1(n9) + 22:1(n9). 
7
Poly-unsaturated fatty acid = 18:2(n6) + 18:3(n3) + 20:2(n6) + 20:3(n6) + 20:4(n6) + 20:3(n3) + 22:4(n6). 
8
Saturated fatty acid = 10:0 + 12:0 + 14:0 + 15:0 + 16:0 + 17:0 + 18:0 + 20:0 + 22:0. 
9
AOCS equation (1998): IV = 16:1(0.95) + 18:1(0.86) + 18:2(1.732) + 18:3(2.616) + 20:1(0.785) + 22:1(0.723). 
10
Total unsaturated fatty acid equation = AOCS (1998) equation + 14:1(1.062) + 17:1(n7)(0.903) + 20:2(n6)(1.581) + 20:3(n6)(2.386) + 20:3(n3)(2.386) + 20:4(n6)(3.201) + 22:4(n6)(2.941). 
11
NIR 1 = NIR value taken at initial NIR measurement. 
12
NIR 2 = NIR value taken at time of GC analysis. 
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Table 22. Least squares means for the effects of dietary treatment, sex, and pig removal on the fatty acid profile of jowl on the second set of pigs used for GC analysis.
1
 
 
Dietary treatment 
         
 
1 2 3 4 5 6 
         DDGS, % 0 0 20 40 40 60 
 
Sex
 
P-values 
Item                             Pig removal strategy 
Single 
Group 
Multiple 
Groups
2
 
Single 
Group 
Single 
Group 
Multiple 
Groups
2
 
Single 
Group SEM Gilt Barrow SEM Treatment Sex Trt×Sex 
DDGS 
level
3,4
 
Removal strategy 
(1 & 4 vs. 2 &5)
5
 
Number of pens 8 7 7 8 7 8 - 42 40 - - - - - - 
Number of pigs 16 15 12 18 13 13 - 43 44 - - - - - - 
Harvest live weight, kg 129.9 127.1 128.4 128.4 126.2 129.6 1.24 127.6 128.9 0.80 0.20 0.15 0.74 0.54 0.03 
Fatty acid, % 
                  Capric acid (C10:0) 0.13
a
 0.13
ab
 0.12
ab
 0.11
bc
 0.11
bc
 0.10
c
 0.007 0.12 0.11 0.004 0.03 0.26 0.28 0.01
x
 0.89 
   Lauric acid (C12:0) 0.07 0.07 0.07 0.06 0.07 0.06 0.002 0.07 0.07 0.001 0.12 0.62 0.59 0.05
x
 0.26 
   Myristic acid (C14:0) 1.20
ab
 1.26
a
 1.17
bc
 1.06
de
 1.11
cd
 0.99
e
 0.029 1.14 1.12 0.017 ˂0.001 0.40 0.15 ˂0.001x 0.04 
   Myristoleic acid (C14:1) 0.01 0.02 0.02 0.02 0.02 0.02 0.002 0.02 0.02 0.001 0.17 0.50 0.28 0.27 0.34 
   Pentadecanoic acid (C15:0) 0.06
c
 0.06
c
 0.07
ab
 0.08
a
 0.07
b
 0.08
ab
 0.004 0.07 0.07 0.003 ˂0.001 0.50 0.20 ˂0.001x 0.12 
   Palmitic acid (C16:0) 21.47
a
 21.80
a
 19.96
b
 18.62
cd
 19.10
c
 18.01
d
 0.269 19.82 19.84 0.164 ˂0.001 0.92 0.04 ˂0.001x 0.12 
      Sex 
                        Gilt 21.93
a
 21.65
a
 19.54
cd
 18.19
ef
 19.55
cd
 18.02
f
 0.375 - - - - - - - - 
         Barrow 21.01
ab
 21.94
a
 20.38
bc
 19.05
de
 18.64
def
 18.00
f
 - - - - - - - - - 
   Palmitoleic acid (C16:1(n7)) 2.38
b
 2.64
a
 2.42
ab
 2.13
c
 2.20
bc
 1.99
c
 0.077 2.35 2.25 0.045 ˂0.001 0.12 0.10 ˂0.001x 0.03 
   Margaric acid ((C17:0)) 0.37 0.36 0.39 0.42 0.38 0.38 0.022 0.37 0.40 0.014 0.46 0.09 0.46 0.47 0.26 
   10-Heptadecenoic acid (C17:1(n7)) 0.38
ab
 0.38
a
 0.36
ab
 0.34
bc
 0.35
abc
 0.30
c
 0.018 0.34 0.36 0.012 0.02 0.31 0.36 0.01
x
 0.53 
   Stearic acid (C18:0) 9.38
a
 9.38
a
 8.15
b
 7.56
b
 7.71
b
 7.49
b
 0.247 8.15 8.41 0.158 ˂0.001 0.17 0.13 ˂0.001y 0.75 
   Oleic acid (C18:1(n9)) 42.41
a
 42.77
a
 40.68
b
 39.40
bc
 40.53
b
 38.29
c
 0.583 40.78 40.58 0.373 ˂0.001 0.65 0.22 ˂0.001x 0.17 
   Linoleic acid (C18:2(n6)) 18.88
d
 18.00
d
 22.94
c
 26.89
ab
 25.44
b
 28.42
a
 0.683 23.59 23.27 0.421 ˂0.001 0.55 0.23 ˂0.001x 0.07 
   α Linoleic acid (C18:3(n3)) 0.66d 0.63d 0.75c 0.83a 0.77bc 0.82ab 0.021 0.75 0.74 0.014 ˂0.001 0.88 0.10 ˂0.001y 0.03 
   Arachidic acid (C20:0) 0.17
a
 0.17
a
 0.15
b
 0.14
bc
 0.15
bc
 0.13
c
 0.006 0.15 0.16 0.004 ˂0.001 0.11 0.59 ˂0.001x 0.50 
   Gondoic acid (C20:1(n9)) 0.92 0.88 0.90 0.87 0.87 0.92 0.030 0.89 0.90 0.017 0.69 0.66 0.74 0.64 0.45 
   Eicosadienoic acid (C20:2(n6)) 0.90
d
 0.84
d
 1.07
c
 1.18
b
 1.12
bc
 1.27
a
 0.034 1.06 1.06 0.020 ˂0.001 0.96 0.17 ˂0.001x 0.06 
   dihomo-γ-linolenic acid(C20:3(n6)) 0.12c 0.11c 0.14b 0.15a 0.14b 0.14ab 0.005 0.14a 0.13b 0.003 ˂0.001 0.05 0.30 ˂0.001y 0.01 
   Arachidonic acid (C20:4(n6)) 0.26
d
 0.27
cd
 0.3
ab
 0.31
a
 0.29
abc
 0.29
bcd
 0.011 0.29 0.28 0.007 0.001 0.27 0.44 0.001
y
 0.62 
   Eicosatrienoic acid (C20:3(n3)) 0.12
c
 0.11
c
 0.13
ab
 0.13
ab
 0.12
bc
 0.14
a
 0.004 0.13 0.12 0.003 ˂0.001 0.46 0.29 ˂0.001z 0.07 
   Behenic acid (C22:0) 0.00 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 - - - - - - 
   Erucic acid (C22:1(n9)) 0.00 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 - - - - - - 
   Adrenic acid (C22:4(n6)) 0.12
c
 0.12
c
 0.14
ab
 0.15
ab
 0.14
b
 0.16
a
 0.007 0.14 0.14 0.004 ˂0.001 0.70 0.49 ˂0.001x 0.69 
   Total fatty acid, % 100.00 100.00 100.00 100.00 100.00 100.00 - 100.00 100.00 - - - - - - 
   Mono-unsaturated fatty acid
6
 46.09
ab
 46.63
a
 44.48
bc
 42.31
de
 43.91
cd
 41.50
e
 0.638 44.25 44.05 0.374 ˂0.001 0.71 0.12 ˂0.001x 0.09 
   Poly-unsaturated fatty acid
7
 21.06
d
 20.08
d
 25.48
c
 29.60
ab
 28.05
b
 31.22
a
 0.732 26.10 25.73 0.456 ˂0.001 0.52 0.20 ˂0.001x 0.07 
   Monounsaturated:Polyunsaturated ratio 2.25
a
 2.34
a
 1.77
b
 1.46
c
 1.56
bc
 1.34
c
 0.078 1.79 1.78 0.046 ˂0.001 0.86 0.50 ˂0.001y 0.21 
   Saturated fatty acid
8
 32.85
a
 33.24
a
 30.08
b
 28.06
cd
 28.69
c
 27.23
d
 0.451 29.87 30.18 0.287 ˂0.001 0.37 0.05 ˂0.001y 0.22 
      Sex 
                        Gilt 33.49
ab
 32.52
ab
 29.46
de
 27.57
fg
 29.38
de
 26.78
g
 0.620 - - - - - - - - 
         Barrow 32.20
bc
 33.96
a
 30.69
cd
 28.55
ef
 28.00
efg
 27.68
efg
 - - - - - - - - - 
   Saturated:Unsaturated ratio 0.49
a
 0.50
a
 0.43
b
 0.39
cd
 0.40
c
 0.37
d
 0.009 0.43 0.43 0.006 ˂0.001 0.42 0.05 ˂0.001y 0.26 
      Sex 
                        Gilt 0.50
ab
 0.48
ab
 0.42
def
 0.38
fg
 0.42
de
 0.36
g
 0.013 - - - - - - - - 
         Barrow 0.48
bc
 0.51
a
 0.44
cd
 0.40
ef
 0.39
efg
 0.38
efg
 - - - - - - - - - 
Iodine value, g/kg                
   AOCS equation
9
 73.85
d
 72.76
d
 79.86
c
 84.89
a
 82.49
b
 86.92
a
 0.933 80.36 79.90 0.617 ˂0.001 0.52 0.07 ˂0.001x 0.04 
   Total unsaturated fatty acid equation
10
 77.37
c
 76.20
c
 83.93
b
 89.19
a
 86.54
b
 91.26
a
 1.007 84.34 83.83 0.673 ˂0.001 0.50 0.06 ˂0.001y 0.03 
   NIR 1
11
 72.83
d
 72.85
d
 78.80
c
 84.04
a
 81.77
b
 85.74
a
 0.724 80.11
a
 78.57
b
 0.489 ˂0.001 0.01 0.32 ˂0.001y 0.09 
   NIR 2
12
 74.18
d
 73.72
d
 79.26
c
 84.26
ab
 82.02
b
 85.26
a
 0.954 80.01 79.56 0.651 ˂0.001 0.52 0.25 ˂0.001y 0.11 
a,b,c,d,e,f,g
Means within a row with different superscripts are different (P≤0.05). 
1
A sub-sample of 2 pigs (1 barrow and 1 gilt) from each pen that were not used for the first GC analysis and were next closest to the pen mean were selected for a second GC analysis. 
2
Multiple Groups = Week 1 = Heaviest 10% of pigs removed from group and sent for harvest; Week 2 = Heaviest 20%, Week 3 = Heaviest 20%, Week 4 = Heaviest 20%, Week 5 = Heaviest 10%, Week 6 = Lightest 20% of pigs. 
3
Effect of DDGS level [(Treatments 1 and 2) vs. 20% DDGS (Treatment 3) vs. 40% DDGS (Treatments 4 and 5) vs. 60% DDGS (Treatment 6)] was compared using orthogonal contrasts. 
4
x = linear response, y = quadratic response, z = cubic response. 
5
Means were compared using orthogonal contrasts. 
6
Mono-unsaturated fatty acid = 14:1 + 16:1(n7) + 17:1(n7) + 18:1(n9) + 20:1(n9) + 22:1(n9). 
7
Poly-unsaturated fatty acid = 18:2(n6) + 18:3(n3) + 20:2(n6) + 20:3(n6) + 20:4(n6) + 20:3(n3) + 22:4(n6). 
8
Saturated fatty acid = 10:0 + 12:0 + 14:0 + 15:0 + 16:0 + 17:0 + 18:0 + 20:0 + 22:0. 
9
AOCS equation (1998): IV = 16:1(0.95) + 18:1(0.86) + 18:2(1.732) + 18:3(2.616) + 20:1(0.785) + 22:1(0.723). 
10
Total unsaturated fatty acid equation = AOCS (1998) equation + 14:1(1.062) + 17:1(n7)(0.903) + 20:2(n6)(1.581) + 20:3(n6)(2.386) + 20:3(n3)(2.386) + 20:4(n6)(3.201) + 22:4(n6)(2.941). 
11
NIR 1 = NIR value taken at initial NIR measurement. 
12
NIR 2 = NIR value taken at time of GC analysis. 
 
